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►  ALLOCATING  MEGACYCLES.  .  . 

In  extending  its  jurisdiction  through¬ 
out  the  ultrahigh  frequency  range  as 
high  as  300  megacycles,  as  it  did  last 
month,  the  FCC  lias  given  a  new  status 
to  a  region  previously  reserved  for  am¬ 
ateurs  and  experimental  research  alone. 
The  allocation  of  the  region  to  services, 
on  the  same  basis  as  in  the  lower  fre¬ 
quency  bands,  will  now’  proceed  with 
commercial  as  well  as  experimental 
interests  in  the  picture.  In  their  an¬ 
nouncement  the  FCC  indicated  that 
seven  channels,  each  six  megacycles 
wide  had  been  reserved  for  television, 
from  44  to  108  megacycles,  and  twelve 
others  from  156  to  300  megacycles. 
Thus  the  one-time  conflict  between  in¬ 
dustrial  and  governmental  interests  has 
been  resolved,  and  television  is  assured 
of  adequate  space  for  further  experi¬ 
ment  and  eventual  commercialization. 
Of  great  importance  are  the  75  addi¬ 
tional  broadcast  station  channels  be¬ 
tween  41.02  and  43.98  megacycles, 
which  when  utilized  will  create  a  large 
market  for  reliable  receivers  in  this 
range.  Also  in  the  new  picture  are 
government  services,  mobile  press  serv¬ 
ices  for  newsgathering  and  police  ra¬ 
dio,  the  latter  to  receive  29  new  as¬ 
signments. 

►  LORI)  Rl'THERFORI)  ...  On  Oc¬ 
tober  19th  the  scientific  world  suffered 
the  loss  of  one  of  its  most  distinguished 
men,  the  dean  of  atomic  physics.  Lord 
Rutherford.  Lord  Rutherford  served 
not  only  as  an  original  investigator, 
but  as  an  administrator  of  scientific 
research.  His  early  researches  into 
the  mysteries  of  radioactivity  led  him 
to  the  discovery  of  the  nuclear  nature 
of  the  atom.  The  influence  of  this 
discovery  on  the  subsequent  course  of 
theoretical  and  practical  electronics 
can  hardly  be  estimated.-  Without  it, 
the  theory  of  the  conduction  of  elec¬ 
tricity  in  gases,  and  the  attendant  pro¬ 
duction  of  light,  both  so  vital  to  present 
electronic  practice,  would  have  re¬ 
mained  a  mass  of  contradictory  evi¬ 
dence.  It  is  not  hard  to  trace  the  de¬ 
velopment  of  the  sodium  lamp,  the  most 
efficient  artificial  illuminant  known, 
back  through  Bohr’s  theory  of  the  pro¬ 
duction  of  spectral  lines  to  the  atomic 
nucleus  which  is  its  central  feature. 
Perhaps  further  afield  from  electronic 
engineering,  but  of  equal  great  im¬ 


portance  in  medicine  and  pure  science 
is  the  vast  region  of  discovery  which 
Lord  Rutherford  opened  up  in  radio¬ 
activity,  both  natural  and  artificial, 
and  the  transmutation  of  elements. 
If,  as  many  believe,  man  may  eventu¬ 
ally  obtain  power  from  nuclear  trans¬ 
formations,  certainly  Lord  Rutherford 
must  be  given  credit  for  initiating  the 
most  significant  scientific  conquest  ever 
undertaken. 

►  TELEVISION  APPROACHES  .  .  . 
Two  announcements  from  RCA  affili¬ 
ates  indicate  that  steps  have  been 
taken  to  bring  television  one  more 
jump  nearer  to  practical  realization. 
Expanding  the  scope  of  its  experi¬ 
mental  television  program,  the  Na¬ 
tional  Broadcasting  Co.  inaugurated 
outdoor  pick-ups  on  October  18  w’ith 
a  mobile  television  station,  according 
to  a  statement  of  Lenox  R.  Lohr,  NBC 
president.  Such  portable  station  will 
enable  NBC  engineers  to  supplement 
their  know’ledge  of  studio  technique 
with  experience  gained  by  pick-ups  in 
the  field.  The  portable  television  sta¬ 
tion  will  consist  of  two  specially  con¬ 
structed  motor  vans,  each  about  the 
size  of  a  large  bus. 

Also  announced  in  the  middle  of 
October  came  news  from  Radiotron  of 
the  release  of  tw’o  magnetically  de¬ 
flected  kinescopes  intended  for  experi¬ 
mental  and  amateur  television  recep¬ 
tion.  One  of  these  tubes  has  a  9  inch 
screen,  the  other  a  5  inch  screen.  Both 
have  screens  of  medium  persistence  and 
produce  an  image  with  a  yellow’  hue. 

►  Dl'BILIER  .  .  .  For  a  quarter  of 
of  century,  which  is  the  life  span  of 
radio,  the  name  of  William  Dubilier 
has  been  associated  with  fixed  con¬ 
densers,  and  many  have  been  the  re¬ 
ceivers  and  transmitters  which  have 
been  built  w’ith  Dubilier  units  in  them. 
In  1912  a  small  factory  in  London  be¬ 
gan  building  products  which  were  to 
spell  the  doom  of  the  Leyden  jar.  This 
was  the  Dubilier  Electric  Company. 
Today  that  company  has  grown  from 
one  of  two  rooms  to  one  w’hich  covers 
8  acres  of  space. 

Commemorating  the  quarter  century 
mark  in  the  existence  of  the  company 
the  English  company  presented  founder 
William  Dubilier  with  an  illuminated 


scroll  W’hich  said  very  complimentary 
things.  The  American  company  is  even 
older,  founded  in  1910  and,  like  its 
English  cousin  has  had  a  fine  grow’- 
ing  life. 

►  EXPANSION  .  .  .New’spapers 
have  carried  the  account  of  how  Allen 
B.  DuMont  is  to  move  his  cathode  ray 
tube  plant  into  a  new,  and  much  larger 
factory.  Six  years  ago  the  DuMont 
factory  consisted  of  a  few  pumps  and 
exhaust  positions  in  the  basement  of 
his  home,  and  the  growth  of  his  busi¬ 
ness  from  that  meager  beginning  is 
like  a  Horatio  Alger  story.  Much  of 
the  present  w’ide  sale  of  the  cathode 
ray  tubes  is  due  to  the  early  mission¬ 
ary  w’ork  and  the  continual  develop¬ 
ment  and  manufacturing  of  such  tubes 
by  Mr.  DuMont. 

►  CONFERENCE  ...  At  Ohio  State 
University,  February  7  to  19,  will  occur 
a  broadcast  engineering  conference  in¬ 
tended  to  interest  broadcast  station 
engineers.  In  addition  to  members  of 
the  university  staff,  certain  outsiders 
from  all  branches  of  the  broadcast 
industry  will  be  on  the  program  and 
w’ill  discuss  such  subjects  as  high 
powered  amplifiers,  ultra  high  fre¬ 
quency  propagation,  antenna  design, 
modulation  and  distortion  measure¬ 
ments,  studio  acoustics,  etc. 

Professor  W.  L.  Everitt  of  the  de¬ 
partment  of  electrical  engineering  is 
in  charge  of  this  project  which  prom¬ 
ises  much  of  interest  for  broadcast 
engineers  who  can  arrange  to  be  in 
Columbus  at  the  time  of  the  meetings. 


►  MAYBE  YOU’VE  HEARD  THIS 
ONE  .  .  .  Into  the  plant  of  a  very  large 
manufacturer  of  tubes  (not  in  America) 
marched  three  members  of  a  far  east¬ 
ern  race,  armed  with  cameras,  under 
instruction  to  shoot  everything.  They 
shot  in  relays,  so  that  no  matter  how 
fast  they  were  taken  through  the  place, 
one  of  them  got  the  picture.  At  the  end 
of  the  tour  they  felt  they  had  every¬ 
thing.  Finally  they  were  taken  to  the 
X-ray  department  where,  like  the  other 
rooms  they  had  seen,  they  were  given 
an  actual  demonstration.  X-rays  per¬ 
meated  everything  including  cameras 
and  films.  That’s  the  end  of  the  story. 
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is  coupled  carries  the  drum  alonjf  sures  that  the  received  picture  be  drums  start  simultaneously  from  the 
laterally  in  a  direction  parallel  to  its  correctly  positioned  or  “phased”  with  same  position  relative  to  the  picture, 
axis.  Because  of  the  rotating  and  respect  to  the  negative  upon  which  and  keep  precisely  in  step  for  the 
translating  motion  of  the  cylinder,  the  received  picture  is  to  be  built  so  duration  of  picture  transmission, 
any  fixed  spot  on  the  circumference  that  the  center  of  the  transmitted  Synchronizing  may  be  accomp- 
on  the  drum  will  describe  a  spiral,  picture  falls  on  the  center  of  the  neg-  lished  either  by  (1)  maintaining  very 
All  points  of  the  picture  are  scanned  ative  in  the  receiving  drum,  and  not  precise  frequency  or  time  determin- 
in  due  time.  '  at  one  of  the  edges  so  that  the  pic-  ing  systems  at  both  the  transmitting 

The  drum,  with  the  picture,  is  ture  appears  to  be  .sliced  in  the  mid-  and  receiving  ends  of  the  system,  or, 
driven  by  a  motor  or  similar  drive  die.  The  speed  of  rotation  of  the  (2)  by  sending  from  the  transmitt- 
mechanism  so  arranged  that  the  driving  mechanism  is  determined  by  ing  end,  a  signal  frequency  or  series 
speed  of  rotation  can  be  accurately  the  synchronizing  device  which  con-  of  impulses  which  may  be  employed 
fixed  and  determined,  relatively  if  not  sists,  essentially,  of  a  source  of  a.c.  at  the  receiving  end  to  assure  that 
absolutely  with  respect  to  that  of  a  of  precisely  determined  and  con-  both  drums  run  in  step, 
similar  drum  in  the  receiving  end.  stant  frequency.  The  clutch  and  Variations  in  density  of  the  ele- 
Connecting  the  driving  motor  with  synchronizing  device  for  both  the  re-  mentary  areas  of  the  print  on  the 
the  picture  drum  is  a  clutch-engag-  ceiving  and  transmitting  drums  must  transmitting  station  drum  produce 
ing  or  phasing  mechanism  which  in-  be  so  designed  and  operated  that  both  varying  amounts  of  reflected  light 

ELECTRONICS  — iVorember  J937  13 


Co//  i 
and  I 
b^Hbox 


CoupHnq 

coil 


Long  elislcmco 
trunk 


Local 

toimphono 

OKchango 


’Coupling 

coil 


Rccoivinq  amplifier, 
demoeMator  and 


•Lamp;  Intensity 
varies  with  the 
received  signal 


Clutch  and 
phasing  mechanism 


Receiving  drive  mafor 


5  ynchronixing 
device 


A  complete  picture  transmission  and  receivinf;  system  is  indicated  schenuiticnlly 
on  these  two  pages.  The  illustration  on  the  opposite  page  represents  the  essen¬ 
tial  elements  and  operations  in  a  fixed  or  portable  transmitter.  Alternative 
methods  of  coupling  to  the  telephone  circuit  are  shmvn.  During  picture  trans¬ 
mission  the  telephone  microphone  is  muffled.  The  receiving  portion  of  the 
system,  shoicn  in  schenmtic  form  below,  produces  a  film  negative  from  which 
prints  may  be  made.  The  receiving  drum  must,  of  course,  be  operated  in 

the  dark 


4 


Coupling, 
coifs  j 


News  Pictures  by  Wire 


SINCE  about  June  1935  extensive 
commercial  application  has  been 
made  in  the  newspaper  field  of  the 
transmission  of  pictures  using  tele¬ 
phone  lines  as  the  transmission 
medium.  Various  news  picture  sys¬ 
tems  are  now  in  operation  including 
those  of  Acme  News  Pictures,  Asso¬ 
ciated  Press,  Finch  Telecommunica¬ 
tions  (licensing  the  Hearst  picture 
system).  International  News  Photo, 
and  the  Times  Wide  World.  Port¬ 
able  equipment  has  been  devel¬ 
oped  for  most  of  these  systems  so 
that  pictures  can  be  transmitted 
from  any  point  in  the  country  where 
there  are  110  volt  lines  and  telephone 
service  available.  Pictures  from  re¬ 
mote  centers  are  transmitted  by 
portable  equipment  to  the  news  bu¬ 
reaus  in  the  larger  cities  all  over  the 
country  from  which  local  distribu¬ 
tion  is  made.  The  flexibility  and 
wide  coverage  of  this  general  sys¬ 
tem,  coupled  with  the  fact  that  the 
transmitted  pictures  have  sufficient 
detail  for  the  half-tone  screens  used 
in  newspaper  work,  have  frequently 
enabled  newspapers  to  illustrate 
events  while  they  were  taking  place. 


It  is  no  longer  uncommon  to  see  pic¬ 
tures  in  the  newspapers  of  a  football 
game  hundreds  of  miles  distant  be¬ 
fore  the  game  is  completed. 

The  success  of  this  comparatively 
new  means  of  communication  hinges 
on  the  electron  tube  and  the  avail¬ 
ability  of  well  maintained  long  dis¬ 
tance  telephone  lines  which  in  turn, 
are  made  possible  through  vacuum 
tubes. 

The  elements  underlying  all  of  the 
news  telephoto  systems  in  commer¬ 
cial  use  are  shown  schematically 
above.  In  many  cases  one  particular 
function  may  be  accomplished  in 
more  than  one  manner;  where  alter¬ 
native  arrangements  are  in  general 
use,  these  are  indicated  by  means 
of  dashed  lines. 

The  complete  picture  transmitting 
system  consists  of  (1)  a  transmitter, 
(2)  the  long  distance  (or  local)  tele¬ 
phone  system  and  (3)  the  receiver. 

Electrical  communication,  in  gen¬ 
eral,  is  carried  out  by  varying  the 
current  (or  the  voltage)  of  the  sys¬ 
tem.  Since  the  current  cannot  be 
varied  instantaneously,  and  since  it 
can  only  have  one  value  in  a  given 


circuit  at  any  one  time,  all  electrical 
systems  convert  intelligence  into  sin¬ 
gle  valued  functions  variable  with  re¬ 
spect  to  time.  These  variations  in 
turn  are  converted  into  time  varia¬ 
tions  of  current.  In  the  case  of 
picture  transmission,  the  conversion 
into  elements  of  the  intelligence  to 
be  transmitted  (the  picture)  is  ac¬ 
complished  by  scanning  the  picture. 
Scanning  breaks  down  the  picture 
systematically  into  elementary  areas 
of  white,  black,  and  varying  shades 
of  gray,  one  after  the  other,  so  that 
a  time  varying  electrical  current  may 
be  produced  whose  variations  will 
correspond  with  the  variations  of 
gray  in  the  picture.  Picture  scanning 
is  accomplished  by  picking  up 
reflected  light  from  the  various  ele¬ 
ments  of  the  picture  as  the  relative 
positions  of  the  picture  and  the  pick¬ 
up  phototube  are  varied.  In  practice, 
the  picture  to  be  transmitted  is 
wrapped  around  a  drum  or  cylinder 
in  the  transmitting  equipment.  The 
drum  revolves  about  its  own  axis 
when  the  clutch  connecting  it  with 
the  driving  mechanism  is  engaged, 
while  a  lead  screw  to  which  the  drum 
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ting  set  is  connected  to  a  source 
of  power,  and  the  synchronizing  de¬ 
vice  is  warmed  up  or  put  into  opera¬ 
tion.  In  several  systems  tuning 
forks  with  temperature  compensa¬ 
tion  are  used  in  the  synchronizing 
device,  so  that  it  is  desirable  that 
these  forks  reach  equilibrium 
temperature  before  transmission  is 
begun. 

The  picture  transmitting  operator 
then  places  a  long  distance  call  to 
the  point  at  which  the  picture  is  to 
be  received,  and  make  whatever  ar¬ 
rangements  are  necessary  for  the 
transmission.  At  fixed  receiving 
points,  the  receiving  equipment  is 
normally  maintained  in  readiness. 
The  receiving  drums  are  stocked 
with  film,  the  amplifying,  demodu¬ 
lating,  synchronizing,  monitoring, 
and  protective  equipment  is  usually 
in  continuous  operation,  and  the 
receiving  equipment  is  usually  per¬ 
manently  coupled  to  the  telephone 
line.  All  of  these  operations  must  be 
carried  out  before  the  picture  oper¬ 
ator  is  ready  to  receive  the  picture. 

When  both  stations  are  ready  for 
the  picture,  and  when  voice  con¬ 
versations  are  completed,  the  trans¬ 
mitting  picture  operator  couples  the 
transmitter  to  the  telephone  line  (as 
for  instance  by  placing  the  re¬ 
ceiver  on  top  of  a  coupling  coil 
in  the  picture  transmitter).  The 
transmitting  operator  then  trans¬ 
mits  white  and  black  in  order  to 
enable  the  receiving  operator  to  de¬ 
termine  the  range  of  transmissions 
which  will  be  required  by  the  pic¬ 
ture,  as  well  as  the  general  level  of 
transmission.  This  is  done  by  flash¬ 
ing  the  scanning  spot  on  to  a  per¬ 
fectly  white  picture  spot  for  a  few 
seconds,  and  following  this  by  flash¬ 
ing  the  scanning  spot  on  to  a  black 
spot.  Sometimes  the.se  white  and 
black  areas  are  selected  from  the 
picture  it.self;  in  other  ca.ses  a  .strip 
of  paper  or  painted  metal  at  the 
end  of  the  drum  serves  the  same 
purpo.se. 

The  white  spot  at  the'  end  of  the 
transmitting  drum  usually  al.so 
.serves  as  a  phasing  mechani.sm,  since 
the  edges  of  the  picture  are  aligned 
'\ith  this  spot.  After  the  transmis¬ 
sion  levels  are  adjusted,  phasing  of 
the  receiving  and  transmitting 
drums  is  usually  carried  out  by  set- 
ing  the  transmitting  drum  into  oper¬ 
ation  with  the  scanning  spot  travers¬ 
ing  the  bhack  band  with  w’hite  spot. 


Picture  equipment  of  Acme  ^ewspictures.  The  transmitting  drum  is  at  the 
left  in  permanent  installations,  and  the  receiving  drum  at  the  right.  Sim¬ 
plicity  is  the  keynote  of  the  relay  rack  control  panel  which  contains  a 
cathode  ray  tube  in  the  upper  left  corner 


shown  on  page  12.  Each  time  the 
scanning  spot  traverses  the  white 
spot  (i.e.,  once  per  revolution)  an 
impulse  is  transmitted  over  the  line 
and  is  manifested  by  a  sudden,  sharp 
increa.se  in  intensity  of  the  receiving 
lamp.  In  some  .systems  this  impulse 
is  made  audible  through  the  use 
of  a  loud  speaker.  The  receiving 
operator  aligns  the  receiving  drum 
with  the  phasing  signal  in  such  a 
manner  that  the  phasing  signal  is 
received  at  that  part  of  the  drum 
where  the  edges  of  the  negative  come 
together.  When  this  phasing  opera¬ 
tion  is  completed,  both  pieces  of 
terminal  equipment  are  adjusted  to 
transmit  the  picture  proper. 

Tran.smission  of  the  picture 
usually  follows  the  phasing  opera¬ 
tion  automatically  for  the  scanning 
spot  automatically  begins  covering 
the  picture  as  .soon  as  it  leaves  the 
phasing  band.  During  the  transmis¬ 
sion  of  the  picture  the  telephone 
microphone  must  be  silenced  to  pre¬ 
vent  acoustic  pick-up  which  w'ould 
be  transmitted  over  the  line  with 
the  picture  and  become  evident  as 
streaks  or  blurs  in  the  picture.  There 
is  nothing  for  the  tran.smitting  or 
receiving  operator  to  do  now’  until 
the  complete  picture  has  been 
.scanned.  The  length  of  time  re¬ 
quired  to  scan  a  complete  picture 
depends  upon  the  size  of  the  picture, 
the  detail  required,  and,  to  a  lesser 
extent,  upon  the  .system  in  use.  As 
a  rough  indication,  it  may  be  said 
that  an  8"  x  10"  picture  can  be  com¬ 
pletely  scanned  in  about  10  minutes. 


In  most  of  the  systems  the  com¬ 
pletion  of  picture  transmission  is 
signified  by  a  change  in  amplitude, 
pitch,  or  characteristic  signal 
emanating  from  a  monitoring  loud 
speaker  at  the  receiving  station. 

The  transmitting  operator  “un¬ 
muffles”  the  phone  mouthpiece  and 
sends  the  caption  for  the  picture  (if 
this  w’as  not  transmitted  as  a  por¬ 
tion  of  the  picture  itself)  signs  off 
and  packs  up  his  belongings  and 
moves  along.  The  receiving  operator 
removes  the  negative  from  the  drum 
to  a  developing  bath,  fixes  the  nega¬ 
tive,  wa.shes  it,  and  makes  as  many 
prints  as  required. 

Such  is  the  general  system  of 
operation.  Should  conditions  require, 
the  same  picture  could  usually  be 
transmitted  to  a  number  of  sta¬ 
tions  simultaneou.sly  by  putting  all 
the  receiving  sets  on  the  same  net¬ 
work  at  the  same  time.  In  some 
instances  it  is  also  possible  to  oper¬ 
ate  the  receiving  equipment  in  such 
a  manner  that  the  received  picture 
is  an  enlargement  of  the  transmitted 
picture  by  the  simple  expedient  of 
making  the  diameters  of  the  receiv¬ 
ing  and  tran.smitting  drums,  respec¬ 
tively,  in  the  same  ratio  as  the  en¬ 
largement. 

Through  the  transmission  of  three 
color  separation  prints,  it  is  possi¬ 
ble  to  build  up  in  the  receiving 
drum  three  color  separation  nega¬ 
tives,  from  which,  with  proper  pho¬ 
tographic  processing  and  dyeing,  a 
color  print  can  be  made  at  the  re¬ 
ceiving  end.  Walter  Howey  of  Inter- 
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the  telephone  line  without  severe  dis¬ 
tortion  and  loss  of  picture  detail.  To 
transmit  the  picture  over  telephone 
wires,  the  frequency  is  shifted  to 


about  2,000  cycles. 


from  the  illuminated  spot  as  the 
drum  rotates.  Light  reflected  from 
the  scanning  spot  falls  on  a  photo¬ 
tube  where  the  variations  in  light  in¬ 
tensity  produce  currents  varying  in 
amnlitude  in  acnnrdanp«»  wifh  +Vio  re¬ 
flectance  of  the  photographic  print. 
As  a  general  rule  the  variations  due 
to  scanning  occur  at  frequencies  of 
from  zero  up  to  several  hundred  or 
perhaps  a  thousand  cycles  per  second, 
which  could  not  be  transmitted  over 


This  is  accomplished  through  the 
use  of  a  generator  which  combines 


in  the  modulator  circuit  the  car¬ 
rier  frequency  and  the  picture  fre¬ 
quency  coming  from  the  phototube. 
The  modulating  process  is  similar  to 
that  employed  in  carrier  telegraphy 
or  telephony,  or  in  radio  communica¬ 
tion  systems.  Although  the  schem¬ 
atic  diagram  shows  a  carrier  fre¬ 
quency  generator  feeding  the  photo¬ 
tube  amplifier  and  modulator,  the 
carrier  may  be  generated  by  inter¬ 
rupting  the  light  beam  before  it 
reaches  the  phototube. 

Basically,  this  is  all  there  is  to  the 
transmitting  system,  although  of 
course  many  necessary  refinements 
and  details  have  been  neglected  in 
presenting  this  brief  sketch  of  the 
transmitter  operation.  The  next  step 
is  to  couple  the  transmitter  to  the 
telephone  line,  a  step  which  gave 
some  of  the  early  workers  in  the 
field,  as  well  as  the  telephone  com¬ 
panies  some  concern. 

Once  having  at  the  output  of  the 
transmitter  amplifier-modulator  a 
signal  at  audible  frequencies  it  does 
not  seem  very  difficult  to  transmit 
this  over  a  telephone  line.  Pictures 
could  be  transmitted  (and  some  early 
ones  were)  by  feeding  the  output 
of  the  amplifier-modulator  into  a 
headset,  loud  speaker  or  other  elec¬ 
tro-acoustic  transducer,  and  placing 
this  in  front  of  the  carbon  micro¬ 
phone  of  the  phone.  A  later  and 
better  development  was  that  of  elec- 
tromagnetically  coupling  the  ampli¬ 
fier-modulator  to  the  magnetic  cir¬ 
cuit  of  the  phone  receiver  or  to  the 
coil  box,  as  shown  in  the  diagram. 
At  the  present  time  both  electro¬ 
magnetic  coupling  systems  are  in 
use;  both  operate  without  affixing 
any  attachments  to  the  physical 
equipment  of  the  telephone  com¬ 
panies,  and  both  enable  the  user 
to  obtain  the  desired  result.  Acous¬ 
tic  coupling  to  the  transmitter  has 
been  abandoned  largely  because  of 
microphone  noise  and  the  superior¬ 
ity  of  the  magnetic  coupling  method. 
When  the  sound  picture  equipment 
is  coupled  to  the  telephone  circuit 
it  is,  of  course,  essential  that  the 
telephone  be  maintained  in  a  quiet 
locality  or  that  noise  is  kept  from 
entering  the  microphone  by  placing 
the  hand  or  a  rubber  cap  over  the 
mouthpiece.  Failure  to  observe  this 
precaution  may  mean  ruining  the 
picture  transmittion  because  speech 
picked-up  by  the  microphone  is 
transmitted  in  addition  to  the  pic¬ 


ture.  From  the  telephone,  the  circuit 
is  continued  in  the  usual  manner 
as  an  ordinary  telephone  circuit. 

The  essential  elements  of  the  tele¬ 
picture  system  as  given  above  are 
the  same  for  transmission  between 
fixed  or  portable  stations. 

The  Receiving  End 

At  the  receiving  end  the  signal  is 
picked  off  the  telephone  line  by 
means  of  electromagnetic  coupling 
coils,  and  is  fed  to  the  receiving 
amplifier,  demodulator,  and  filters. 
The  demodulator  translates  the  pic¬ 
ture  frequency  from  the  side-band 
frequencies  to  the  original  low  fre¬ 
quency  values  it  originally  had  when 
coming  out  of  the  phototube  circuit 
in  the  tran.smitting  end  (0  to  about 
1  kc.)  and  the  filters  are  u.sed  to 
separate  the  various  frequency  com¬ 
ponents  so  that  they  may  be  used 
in  whatever  manner  is  neces.sary  or 
desirable. 

The  picture  frequency  components 
are  fed  to  an  optical  system  in  such 
a  way  that,  the  light  source  at  the 
receiving  end  is  made  to  vary  in 
accordance  w’ith  the  received  pic¬ 
ture  signal.  In  the  schematic  dia¬ 
gram,  the  light-source  is  shown  as 
being  actuated  directly  from  the 
modulator,  and  this  system  is  in 
use.  Other  systems  are  also  in  use 
in  which  the  light  source  is  main¬ 
tained  constant  in  its  intensity;  the 
intensity  of  the  light  striking  the 
negative  being  varied  by  means  of  a 
light  valve,  vibrating  mirror  or 
similar  arrangement. 

The  varying  intensity  spot  of  light 
is  then  focused  on  the  negative 
wrapped  around  the  receiving  drum. 
As  the  receiving  drum  rotates  the 
varying  intensity  of  the  light  source 
builds  up,  element  by  element,  a  pic¬ 
ture  or  latent  image  on  the  negative. 
At  the  conclusion  of  the  picture 
transmission,  the  negative  is  de¬ 
veloped,  fixed,  and  washed  after 
which  positive  prints  can  be  made 
in  any  desired  number.* 

Operation  of  Telepicture  System 

In  operating  the  system,  the  pho¬ 
tograph  to  be  transmitted  is  placed 
on  the  rotating  drum,  the  transmit- 


*  For  additional  information  on  the  details 
of  operation  of  picture  transmission  systems 
the  reader  Is  referred  to; 

“Facsimile  Transmission”  by  R.  IT.  Ranger, 
“Radio  Engineering  Handbook".  2nd  ed. 

“Facsimile  Transmission  and  Reception  _ 
by  Maurice  Artzt,  “Electrical  Engine«'rs' 
ifandhook;  Communication  and  Electronics". 
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linear  inch  of  the  drum  in  each 
minute.  Pictures  up  to  11"  x  17" 
can  be  transmitted,  but  the  usual 
practice  is  to  transmit  standard 
8"  X  10"  pictures  with  a  1"  caption. 
Synchronization  is  by  tuning  fork 
controlled  oscillators,  and  phasing  of 
the  receiving  and  transmitting 
drums  is  automatic  through  the  use 
of  relay  clutch  release  arrangement. 
The  receiving  drums  are  enclosed  in 
light-tight  cases  so  that  daylight 
operation  (except  for  photographic 
proce.ssing)  is  possible. 

The  portable  equipment  is  divided 
into  two  separate  units.  One  of  these 
contains  the  transmitting  drum,  driv¬ 
ing  motor,  and  scannihg  system 
while  the  other  holds  the  fork  oscil¬ 
lator,  amplifying,  modulating,  and 
other  essential  control  equipment. 
The  units  operate  from  110  volts  a.c. 
or  d.c.  In  addition,  a  6  volt  storage 
battery  is  required  to  maintain  the 
crater  lamp  for  scanning  purpo.«ies 
at  the  desired  temperature. 

The  portable  equipment  uses 
4"  X  5"  negatives  with  a  scanning 
spot  1200"  wide.  This  4"  x  5"  pic¬ 
ture  is  enlarged  during  transmission 
so  that  the  received  negative  is 
8"  X  10",  but  has  the  same  detail  as 
if  received  from  a  large  print. 

Complete  portable  equipment  con¬ 
sists  of  the  two  picture  transmitting 
units,  a  portable  enlarging  outfit,  a 
suitcase  of  photographic  equipment, 
and  a  portable  typewriter. 

Finch  Telecommunications 

The  Finch  Telecommunication 
system  maintains  4  fixed  stations 
in  New  York,  Illinois  and  California. 


For  the  purpose  for  which  it  is  used 
portable  equipment  is  not  required, 
although  present  equipment  could  be 
used  for  portable  work. 

The  light  spot  is  produced  by  a 
crater  lamp  and  optical  system  and 
is  picked  up  by  a  caesium  type  pho¬ 
totube.  The  scanning  pitch  is  100 
lines  per  inch,  and  the  drum  travels 
laterally  1  inch  per  minute.  Since 
the  drum  takes  a  picture  11"  wide 
the  scanning  speed  is  1^  feet  per 
second,  or  11  sq.  in.  per  minute. 
Pictures  up  to  11"  x  21"  may  be 
transmitted. 

The  carrier  is  1800  cycles.  Side¬ 
bands  of  1200  cycles  are  produced 
but  the  upper  side-band  is  sup¬ 
pressed.  Synchronizing  and  phasing 
are  accomplished  at  every  revolution 
of  the  receiving  and  transmitting 
drums  by  transmitting  a  60  cycle 
pulse  which  releases  a  relay  at  the 
receiving  station  for  every  turn  of 
the  transmitting  relay.  Ordinarily 
the  receiving  drum  rotates  at  a 
slightly  greater  speed  than  that  of 
the  transmitting  drum,  and  is 
stopped  every  revolution,  until  the 
relay  disengages  the  receiving  drum 
and  permits  it  to  make  another  turn. 
In  practice  the  two  drums  rotate  at 
speeds  sufficiently  close  together  that 
the  receiving  drum  is  not  stopped 
during  operation.  With  a  system 
which  phases  and  synchronizes  at 
each  revolution,  the  maximum  dis¬ 
placement  of  any  one  line  element 
is  a  small  fraction  of  a  complete 
revolution. 

In  the  receiving  equipment,  the 
light  source  is  maintained  at  con¬ 
stant  intensity  and  is  directed  on 


to  a  small  galvanometer  mirror 
which  vibrates  in  accordance  with 
the  amplitude  of  the  received  signal. 
Light  reflected  from  the  mirror 
passes  through  a  rectangular  aper¬ 
ture  before  striking  the  negative, 
so  that  as  the  mirror  is  deflected, 
less  light  passes  through  the  aper¬ 
ture  and  on  to  the  negative. 

International  News  Photo 

The  International  News  Photo 
system  consists  of  15  fixed  and  12 
portable  stations  scattered  through¬ 
out  the  country,  and  uses  equipment 
developed  by  Walter  Howey.  A  fea¬ 
ture  of  this  equipment  is  that  the 
same  unit  may  be  used  either  for 
receiving  or  transmitting  purposes, 
aa  the  scanning  head  is  arranged  to 
change  from  the  receiving  to  the 
transmitting  position  by  throwing  a 
switch.  Thus,  one  unit  suffices  for 
both  transmission  and  reception,  and 
the  fixed  station  units  are  also  used 
for  portable  work. 

For  transmission,  the  portion  of 
the  drum  from  which  the  picture 
element  is  to  be  taken  is  “flood¬ 
lighted”  rather  than  “spot  lighted” 
as  in  most  other  systems.  Selection 
of  the  desired  picture  element  is 
made  in  the  beam  reflected  from  the 
photograph  to  the  phototube.  The 
scanning  pitch  is  96  lines  per  inch, 
and  the  lateral  travel  of  the  drums 
is  0.864  in.  since  these  rotate  at  90 
r.p.m.  The  drums  are  slightly  greater 
than  8  in.  in  diameter  and  will  ac¬ 
commodate  pictures  up  to  8"  x  10". 
The  area  scanned  is  slightly  less 
than  7  sq.  in.  per  minute. 

{Continued  on  page  82) 
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The  Times  Wide  World  picture  transmitter  showing 
method  of  coupling  to  the  telephone.  The  dials  on 
the  sloping  panel  above  the  cylinders  control  the 
adjustments  for  picture  highlights  and  shadows 


Combined  receiver  and  transmitter  of  International 
News  Photos.  The  position  of  the  lever  in  the  fore- 
ground  determines  whether  the  equipment  is  to  act 
as  a  transmitter  or  as  a  receiver 


Portable  picture  transmitting  equipment  of  the  Associated  Press 


national  News  Photo,  and  W.  G.  H. 
Finch  of  Finch  Telecommunications 
have  transmitted  “color  prints”  in 
this  manner,  but  there  is  little  de¬ 
mand  on  the  part  of  newspapers  for 
this  type  of  material. 

With  this  general  description  of 
the  process  as  a  matter  of  systems 
operations,  it  now  remains  to  say 
something  of  the  various  commer¬ 
cial  systems  in  operation,  the  extent 
of  available  services,  and  the  gen¬ 
eral  features  of  each  system. 

Acme  Newspictures 

At  the  present  time,  the  Acme- 
NEA  telephoto  equipment  consists  of 
9  fixed  and  4  portable  machines  scat¬ 
tered  throughout  the  country.  The 
fixed  equipment  consists  of  a  cen¬ 
ter  panel  of  the  relay  rack  type 
containing  the  amplifiers,  modu¬ 
lators,  and  adjustments  for  the 
receiving  and  transmitting  drums 
which  are  located  on  either  side  of 
the  main  panel.  The  controls  have 
been  simplified  and  reduced  to  a 
minimum,  although  provision  is 
made  for  visualizing  various  wave 
forms  by  means  of  a  cathode  ray 
oscilloscope. 

The  Acme  equipment  uses  a 
vacuum  phototube  as  the  light  sensi¬ 
tive  element  in  the  transmitting 
equipment,  light  from  a  lamp  be¬ 
ing  focused  on  the  transmitting 
drum.  In  the  receiving  end  of  the 
circuit,  the  latent  image  is  built  up 


by  illumination  provided  by  an  in¬ 
candescent  lamp,  the  output  of  which 
is  varied  by  a  modulator  unit. 

Synchronization  is  carried  out  by 
transmitting  a  low  frequency  syn¬ 
chronizing  tone  over  the  line,  this 
synchronizing  tone  being  obtained 
from  a  motor-generator  set  which 
also  provides  an  1800  cycle  tone  for 
the  carrier.  A  sideband  of  approxi¬ 
mately  450  cycles  (including  the 
third  harmonic)  is  transmitted. 

Pictures  up  to  7"  x  9"  can  be  car¬ 
ried  on  the  drums.  The  scanning 
pitch  is  100  lines  per  inch,  with  a 
drum  translation  of  1  inch  per  min¬ 
ute.  Since  the  drums  are  9  inches 
in  circumference,  a  7"  x  9"  picture 
can  be  transmitted  in  7  minutes, 
which  represents  a  scanned  area  of 
9  sq.  in.  per  minute. 

The  portable  equipment  is  light 
and  truly  portable.  It  consists  of 
two  separate  units,  each  in  its  suit¬ 
case  container.  One  of  these  is  the 
picture  drum  and  scanning  unit,  the 
other  contains  the  synchronizing 
generator,  amplifiers,  and  phone 
coupling  unit.  Each  unit  is  slightly 
larger  than  a  portable  typewriter 
case  and  operates  from  the  110  volt 
a-c  line. 

Associated  Press 

The  Associated  Press  news  pic¬ 
ture  system  maintains  a  nation-wide 
telephone  network  of  high  quality 
lines  leased  from  A.  T.  and  T.  All 


AP  subscribers  have  available  to 
them  the  entire  output  of  AP  pic¬ 
tures,  although  it  is  safe  to  say  that 
no  editor  uses  the  60  to  80  pictures 
which  are  transmitted  during  the 
average  day’s  work.  Another  reason 
why  the  AP  system  differs  from  mo.st 
of  the  other  systems  is  because  the 
initial  equipment  w’as  supplied  by 
the  Bell  system;  and  in  characteris¬ 
tic  Bell  system  manner,  each  com¬ 
ponent  part  is  thoroughly  and  pains¬ 
takingly  constructed.  The  equipment 
is  very  solidly  and  substantially 
built;  it  is  accomplishing  excellent 
work.  It  is  also  elaborate  and  ex¬ 
pensive. 

Since  the  AP  leases  an  entire  net- 
w’ork  of  high  quality  lines  from  the 
Bell  system,  it  is  only  natural  to 
find  in  the  New  York  office,  center 
of  AP  activities,  relay  racks  filled 
with  Western  Electric  monitoring, 
switching,  and  level  indicating  equip¬ 
ment,  with  plenty  of  plugs,  jacks, 
and  keys,  so  that  any  station  in  the 
network  can  talk  over  the  circuit  to 
any  other  station  when  no  picture.s 
are  being  tran.smitted. 

The  standard  fixed  station  equip¬ 
ment  has  been  described  in  the 
technical  literature,* 

The  scanning  pitch  is  100  lines 
per  minute,  with  a  scanning  velocity 
of  20  inches  per  minute,  covering  1 

•  “A  New  Telephotograph  Syatem”  by  F 
W.  Reynolds  Electrical  Engineering,  Vol.  6">. 
No.  10,  pp.  9»ft-1007,  Sept.  1936;  Bell  8uxt- 
Tech.  Jour.,  V'ol.  XV,  No.  3,  pp.  549-574, 
October  1936. 
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For  several  years  past  a  feature 
of  phonographs  produced  abroad 

I  has  been  some  special  arrangement 
of  the  pickup  arm  for  minimizing 
the  so-called  tracking  error,  but  it 
is  only  lately  that  such  devices  have 
made  their  appearance  in  this  coun¬ 
try.  In  1930  the  author  became  in¬ 
terested  in  this  subject  through  an 
article  published  in  a  British  Jour¬ 
nal*  and  performed  some  experi¬ 
ments  in  an  effort  to  determine  if 
the  usual  amount  of  tracking  error 
caused  a  noticeable  increase  in  dis¬ 
tortion  or  in  record  wear.  The  re¬ 
sults  of  the  tests  were  negative  and 
were  not  published.  Lately,  however, 
the  notes  cf  the  old  experiments 
were  resurrected  and  a  further 
^tudy  made  of  the  conditions  govern¬ 
ing  distortion  due  to  tracking  error. 

I  In  any  published  articles  which 
have  come  to  the  attention  of  the 
author  it  has  apparently  been  as¬ 
sumed  that  the  amount  of  tracking 
error  usually  present  in  conven¬ 
tional  phonographs  is  harmful,  but 
neither  experimental  evidence  nor 
extensive  analysis  has  been  offered 
in  support  of  this  view.  In  what 

1  follows,  the  cause  and  the  reduction 
of  tracking  error  will  first  be  dealt 
with.  This  is  for  the  sake  of  com¬ 
pleteness  only,  as  these, matters  have 
been  fully  discussed  in  recent  publi¬ 
cations.**  After  some  reference  to 
practical  applications,  the  1930  ex¬ 
periments  will  be  described  and, 
finally,  an  analysis  of  the  effect  of 
tracking  error  on  distortion  and 
record  wear  will  be  offered. 

In  professional  recording  the  cut¬ 
ter  stylus  generates  the  sound  groove 


0 


by  vibrating  along  a  radius  of  the 
rotating  wax  disc.  Therefore,  in  a 
theoretically  correct  reproducing 
system  the  pickup  must  be  so  guided 
that  the  line  along  which  the  needle 
point  is  free  to  vibrate  likewise 
coincides  at  all  times  with  a  radius 
of  the  record.  Expressing  the  same 
idea  in  a  different  way,  we  may  say 
that  the  vertical  projection  upon  the 
record  surface  of  the  axis  about 
which  the  needle  vibrates  must  al¬ 
ways  be  tangent  to  the  groove  at 
the  point  of  needle  contact.  This 
criterion  differs  from  that  generally 
given,  which  stipulates  that  the 
projection  of  the  needle  upon  the 
record  surface  shall  be  tangent  to 
the  groove.  The  distinction  between 


Fig.  1 — Tracking  conditions  in  a 
conventional  phonograph 

Fig.  2 — niustrallng  reduction  of 
tracking  error  by  setting  pickup  at 
an  angle  to  arm 


these  two  criteria  should  be  borne 
in  mind,  for  it  will  subsequently  be 
show’n  that  the  last  mentioned  one 
is  lacking  in  generality. 

The  diagram  of  Fig.  1  illustrates 
the  tracking  conditions  that  obtain 
in  a  conventional  phonograph.  DC  is 
the  axis  of  the  arm,  which  swings 
around  its  pivot  at  D.  OC  are  radii 
of  the  record.  AB  is  the  line  of 
vibration  of  the  needle  point  and 
lies  at  right  angles  to  DC.  The  arm 
pivot  is  so  located  that  the  needle 
point  swings  through  the  center  of 
the  record.  It  is  obvious  that  the 
condition  for  perfect  tracking  (AB 
lying  on  a  radius)  is  satisfied  only 
in  the  one  (inactive)  position  where 
the  needle  point  falls  on  the  center 
of  the  record.  In  any  other  position 
of  the  arm  the  line  AB  makes  an 
angle  ACO  with  the  radius.  This  is 
called  the  tracking  angle  or  track¬ 
ing  error.  Curve  A,  Fig.  3,  shows 
the  tracking  error  for  a  9i  inch 
straight  arm  with  the  pickup 
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Above,  before  the  Empire  State 
radiator  was  erected  a  working 
model  of  the  antenna  was  con¬ 
structed  at  the  RCA  Commumca- 
tions  Loborotory  at  Rocky  Point 
Even  the  metal  top  of  the  tower 
was  copied  to  study  its  effect  on 
propagation  characteristics 


Below,  the  resonant  coupling  filter, 
used  to  couple  the  outputs  of  the 
vision  and  sound  transmitters  to  the 
single  antenna  (from  which  both 
^gnals  ore  radiated  simultaneously) 
without  allowing  energy  from  one 
transmitter  to  enter  the  other 


“Empire  State” 


Below,  scene  during  the  construction 
of  the  antenna.  The  supporting  rods 
act  os  feeders  to  the  di-pole  ele¬ 
ments  (one  shown  parallel  to  top  of 
picture) 


Right,  N.  E.  Lindenblad, 
research  engineer  of  RCA 
Communications,  Rocky 
Point,  who  was  active  in 
the  design  of  the  onteima 
and  the  construction  and 
testing  of  the  working 
model 


Left,  nine  horizontal  di-poles,  ar¬ 
ranged  in  triangles  of  three,  sur¬ 
mount  the  Empire  State  Building 
Tower,  1250  feet  above  Broadway. 
New  York.  Above  them  is  a  wind- 
velocity  indicator  and  a  single  di¬ 
pole  for  u-h-f  high  fidelity  broad¬ 
casting 


NBC’s  Television  An¬ 
tenna  Enters  Its  Second 
Year  of  Experimental 
Service 
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The  sound  reproducer  was  an 
electro-dynamic  loudspeaker  having 
an  8  inch  diameter  corrugated  cone 
with  leather  suspension,  mounted  in 
a  large  baffle.  The  pickup  and  its 
associated  circuits  cut  off  rather 
sharply  at  about  4200  cycles,  while 
the  loudspeaker  was  capable  of  re¬ 
producing  up  to  about  5000  cycles. 
At  least  two  experienced  observers 
listened  at  each  test  and  others  were 
called  in  from  time  to  time.  For  use 
in  these  experiments,  several  new 
pressings  of  Victor  record  35985, 
"Zampa  Overture”,  were  obtained. 
This  particular  record  was  chosen 
becau.se,  first,  the  type  of  music  and 
the  in.strumentation  w’ere  well  suited 
for  judgments  of  quality  and,  sec- 


detected,  either  as  regarded  quality 
or  surface  noise.  At  this  time  com¬ 
parisons  also  were  made  between 
the  two  records  that  had  been  played 
68  times  and  one  of  the  new  check 
records.  There  was,  of  course,  a 
pronounced  difference  in  surface 
noise,  but  no  difference  in  quality 
could  be  detected. 

After  90  playings  the  observers 
still  were  unable  to  detect  any  dif¬ 
ference  in  surface  noise  or  quality 
of  reproduction  between  the  two  test 
records  associated  w’ith  their  given 
tracking  conditions.  Furthermore, 
no  difference  in  quality  was  observed 
upon  comparing  either  of  the  test 
records  with  a  new  check  record. 
Examination  of  the  test  records  un¬ 


progress,  to  detect  with  certainty 
any  difference  between  the  reproduc¬ 
tion  afforded  by  the  test  records  on 
their  respective  phonographs.  It 
was  concluded,  therefore,  that  the 
amount  of  tracking  error  present 
with  conventional  pickup  and  arm 
arrangements  was  not  harmful 
either  as  regards  distortion  or  rec¬ 
ord  wear,  and  that  further  devel¬ 
opment  work  tending  toward  its 
reduction  was  unwarranted. 

Analysis  of  Wave  Distortion  and 
Wear  Conditions 

The  recent  revival  of  interest  in 
tracking  error  prompted  the  present 
analysis  which  propo.ses  to  show, 


Fig.  4 — Three  arrangements  tor  reducing  tracking  error  Fig.  5 — Condition  under  which  tracking  error  may  occur 

which  ore  employed  at  the  present  time.  Each  results  in  when  projection  oi  needle  on  record  is  tangent  to  ploy- 

less  error  although  affected  by  a  slightly  different  method  ing  groore  at  point  of  needle  contact 


I  ond,  the  recorded  amplitudes  were 
;  very  large  in  the  fortissimo  pas- 
i  sages,  rendering  the  groove  walls 
1  susceptible  to  breakdown  in  the 

^  possible  presence  of  unfavorable 

tracking  conditions.  Two  of  these 
pressings  (which  will  be  referred  to 
i  as  the  test  records)  were  selected 
for  comparative  tests  on  the  two 
turii tables  and  the  others  were  held 
for  checking  purposes.  Side  A  was 
played  throughout  the  experiment. 

Careful  listening  comparisons  made 
at  the  start  of  the  experiment  did 
not  disclose  any  difference  in  the 
quality  of  reproduction  for  the  two 
conditions  of  tracking.  Similar  tests 
were  made  at  first  after  each  5  play¬ 
ings  and  toward  the  conclusion  of 
the  experiment,  after  each  10  to  20 
playings.  After  68  playings,  no  dif¬ 
ference  between  the  reproduction 
afforded  by  the  two  outfits  could  be 


der  a  microscope  disclo.sed  signs  of 
wear  at  the  high  amplitude  waves 
but,  so  far  as  the  observers  could 
judge,  the  w’ear  was  substantially 
the  same  for  both  conditions  of 
tracking. 

At  120  playings  a  loss  in  quality 
in  the  test  records  was  noted  when 
they  were  compared  with  a  check 
record.  This  was  heard  as  roughness 
in  the  loud  passages.  There  was  lit¬ 
tle  to  choose  from  between  the  two 
te.st  records  in  this  respect.  Surface 
noise  was  very  high  on  both.  The 
test  was  stopped  when  the  records 
had  been  played  185  times  each  and 
the  quality  had  become  very  bad  in¬ 
deed.  The  needles  still  would  track 
the  grooves,  however,  showing  that 
complete  breakdown  of  the  walls  had 
not  yet  occurred.  The  observers  were 
unable,  either  at  the  conclusion  of 
the  test  or  at  any  time  during  its 


principally  by  graphical  methods, 
that  the  negative  results  of  the  1930 
experiments  are  not  discordant  with 
theory.  For  purposes  of  illustra¬ 
tion,  the  nature  of  the  wave-form 
error  due  to  imperfect  tracking  will 
first  be  investigated  in  two  cases 
w’here  the  proportions  of  the  waves 
lead  to  large  amounts  of  distortion 
and,  finally,  where  the  proportions 
are  representative  of  actual  record¬ 
ing  practice.  An  analysis  of  this 
sort  must  necessarily  be  confined  to 
the  reproduction  of  recorded  sine 
waves. 

In  Fig.  6-A  the  broken  line  repre¬ 
sents  the  center  line  of  a  record 
groove,  which  is  a  sine  wave  of 
length  X  and  amplitude  a  drawn  to 
the  proportions  X/a  =  3.  This  is  a 
relation  commonly  approximated  in 
waves  drawn  for  illustrative  pur¬ 
poses.  Let  us  first  consider  the  case 
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Fig.  3 — Tracking  error  curree  for  a 
9H  inch  arm:  A — ConTontional  ar¬ 
rangement  B — ^Line  of  needle  ri- 
broiion  eet  74  degrees  to  arm  axis, 
needle  swings  through  center  of 
record.  C — Same  os  B  except 
needle  swings  V4  inch  post  center 
of  records 


mounted  in  the  conventional  manner 
and  so  located  that  the  needle  point 
swings  through  the  record  center. 

Now,  referring  to  Fig.  2,  let  us 
set  the  needle  in  the  center  of  the 
playing  portion  of  the  record  and  so 
adjust  the  pickup  to  the  arm  that 
the  line  of  needle  vibration  AB  co¬ 
incides  with  a  radius  of  the  record. 
The  tracking  error  is  now  obviously 
zero  in  the  center  of  the  playing 
portion  and  is  reduced  to  small  equal 
positive  and  negative  values  at  the 
start  and  finish  of  the  recording. 
Curve  B,  Fig.  3,  shows  the  tracking 
characteristic  of  the  same  9J  inch 
arm  which  was  the  subject  of  curve 
A,  but  with  the  pickup  adjusted  as 
just  described.  By  so  locating  the 
arm  pivot  that  the  needle  point 
swings  beyond  rather  than  through 
the  record  center  a  further  reduc¬ 
tion  in  tracking  error  can  be  accom¬ 
plished.  It  has  been  considered  un¬ 
desirable  to  carry  this  too  far,  how- 
•ever,  because  of  the  development  of 
a  force  tending  to  draw  the  needle 
against  the  inner  side  of  the  groove’. 
Bird  and  Chorpening  have  shown 
the  relations  among  this  overhang 
distance,  the  arm  length  and  the 
angle  at  which  the  pickup  is  offset 
which  result  in  minimum  average 
tracking  error*.  Curve  C,  Fig.  3, 
«hows  the  tracking  error  when  the 


pickup  is  so  set  on  a  9i  inch  arm 
that  the  line  of  needle  point  vibra¬ 
tion  makes  an  angle  of  74  degrees 
with  the  arm  axis  and  the  needle 
swings  i  inch  beyond  the  record 
center.  This  is  within  about  de¬ 
grees  of  the  minimum  error  that 
may  be  attained  with  an  arm  of  this 
length. 

Perfect  tracking  throughout  the 
record  would  require  the  use  of  roll¬ 
ing  carriages  or  complicated  par¬ 
allel-motion  linkages.  As  shown 
above,  however,  a  close  approach  to 
the  ideal  case  may  be  had  with  spe¬ 
cial  arrangements  of  single,  pivoted 
arms.  In  Fig.  4  are  shown  three 
such  arrangements  that  have  been 
used  to  place  the  line  of  needle  point 
vibration  (indicated  by  the  double¬ 
headed  arrow)  at  a  suitable  angle  to 
the  effective  radius  of  arm  swing. 

It  is  interesting  to  note  in  passing 
that  the  old  acoustic  phonographs 
had  their  reproducers  effectively  off¬ 
set  in  the  manner  of  Fig.  4-C  by 
virtue  of  the  “goose-neck”  construc¬ 
tion  employed,  but  the  direction  of 
offset  was  toward  rather  than  away 
from  the  record  center,  thus  pro¬ 
ducing  an  increased  tracking  error 
in  all  positions  of  the  arm.  Also,  a 
widely  used  professional  magnetic 
pickup  is  effectively  offset  to  the  in¬ 
side  in  a  like  manner. 

Another  method  of  improving 
tracking  conditions  consists  in  off¬ 
setting  radially  the  needle  holder 
from  the  axis  about  which  it  vi¬ 
brates  and  so  inclining  it  that  the 
needle  point  lies  (as  in  conventional 
arrangements)  in  a  vertical  plane 
passing  through  the  axis  of  rotation. 
The  essential  features  are  illustrated 
in  the  diagrams  of  Fig.  5,  where  A, 
B  and  C  are  top,  front  and  side 
views,  respectively,  and  where  cer¬ 
tain  dimensions  are  exaggerated  in 
order  more  clearly  to  show  the  prin¬ 
ciples  involved.  It  is  here  that  the 
invalidity  of  the  usual  tracking  cri¬ 
terion  previously  referred  to  can  be 
demonstrated.  In  A  it  will  be  seen 
that  the  projection  of  the  needle  it¬ 
self  is  tangent  to  the  groove  as  re¬ 
quired  by  the  above  criterion.  The 
line  of  needle  point  vibration,  how¬ 
ever,  still  lies  at  right  angles  to  the 
axis  of  rotation  of  the  needle  holder, 
precisely  as  though  the  needle  were 
mounted  in  the  usual  manner.  Con¬ 
sequently,  there  results  a  tracking 
error  measured  by  the  angle  0,  ac¬ 
cording  to  the  fundamental  concept 
that  the  reproducing  point  must. 


for  perfect  tracking,  vibrate  along  u 
radius  of  the  record  the  same  as  did 
the  recording  cutter.  It  seems  trivial 
to  point  out  in  justification  of  the 
above  statements,  that  the  path  of 
the  needle  point  is  determined  only 
by  the  radius  x-y  as  the  axis  rotates, 
and  that  the  line  x-z-y  represent¬ 
ing  a  rigid  needle  and  holder  may 
take  any  course  whatsoever  between 
its  given  terminii  without  upsettiiii^ 
this  relation. 

If  it  be  assumed  that  record  wear 
resulting  from  imperfect  tracking 
is  caused  solely  by  deviation  of  the 
needle  projection  from  tangency  to 
the  playing  circle  and  that  small  de¬ 
partures  of  the  line  of  needle  point 
vibration  from  a  radius  introduce 
negligible  distortion,  the  above  ar¬ 
rangement  becomes  equivalent  in  its 
tracking  characteristics  to  those 
shown  in  Fig.  4.  It  is  believed,  how¬ 
ever,  that  these  distinctions  are 
without  particular  significance  in 
view  of  what  follows. 


Record  Wear  Experiments 
of  1930 

These  experiments  were  under¬ 
taken  to  investigate  the  effect  of 
two  widely  different  tracking  error 
conditions  on  record  wear  and  dis¬ 
tortion  in  reproduction,  as  indicated 
by  listening  tests.  Two  synchronized 
turntables  were  used,  one  being 
equipped  with  a  93  inch  straight 
arm  mounted  in  the  conventional 
manner  and  the  other  with  a  bent 
arm  of  the  same  length  so  mounted 
that  the  needle  swung  3  inch  past 
the  record  center.  Their  tracking 
error  curves  are  shown  as  A  and  C 
respectively  in  Fig.  3.  The  pickups 
were  of  the  low  impedance,  mag¬ 
netic  type  chosen  to  have  practically 
identical  electrical  and  mechanical 
characteristics.  The  armature  ac¬ 
tion  probably  was  more  flexible  than 
that  of  the  average  pickup  of  that 
period,  the  stiffness  measured  at 
the  needle  point  being  of  the  order 
of  5  X  10*  dynes  per  cm.  To  insure 
further  the  impartiality  of  the  test, 
the  pickup  heads  were  transposed 
after  each  five  playings.  Steel  nee¬ 
dles,  changed  after  each  playing, 
were  used  as  the  modem  chrcmiuni 
plated  needles  were  not  yet  available. 
Quick  switching  of  either  pickup  to 
the  input  of  an  amplifier  of  low  dis¬ 
tortion  and  adequate  power  output 
capacity  was  provided. 
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Fig.  8 — (Alter  Frederick)  DluBtroting  "pinch"  eiiect  and  the  shift  of 
reproducer  stylus  bearing  point,  A 


sume  a  0.002  inch  amplitude  at  250 
cycles  and  the  same  sound  intensity 
level  at  both  frequencies,  the  ampli¬ 
tude  at  5,000  cycles  will  be  0.0001 
inch.  However,  it  has  been  shown* 
that  the  peak  power  delivered  by  an 
orchestra  is  about  9  db  lower  in  the 
4,000-11,500  cycle  band  than  in  the 
125-250  cycle  band.  Applying  this 
correction,  the  peak  amplitude  at 
5,000  cycles  becomes  0.000035  inch 
and 

16.3 

A /a  = - - —  =  93 

5000  X  0.000035 

Comparing  the  values  of  X/a  cal¬ 
culated  in  the  three  cases,  that  for 
500  cycles,  namely,  16.3,  is  found  to 
be  the  smallest.  This  value,  there¬ 
fore,  should  give  rise  to  the  greatest 
possible  amount  of  distortion  due  to 
tracking  error  that  could  be  ex¬ 
pected  in  the  reproduction  of  a  sine 
wave  recorded  under  conditions  rep¬ 
resenting  common  practice.  A  sine 
wave  having  the  above  proportions 
is  shown  in  Fig.  6-C  to  the  same 
scale  as  the  other  waves  in  the  fig¬ 
ure.  The  wave  derived  on  the  as¬ 
sumption  of  15  degrees  tracking  er¬ 
ror  cannot  be  well  shown  to  this 
scale,  as  its  departure  from  the  orig¬ 
inal  wave  is  very  small.  It  is,  never¬ 
theless,  large  enough  to  produce 
measurable  distortion,  as  we  shall 
presently  show. 

To  evaluate  the  distortion,  the 
three  derived  waves  of  Fig.  6  were 
drawn  to  a  wave  length  of  40  cm. 
and  were  analyzed  on  a  Henrici- 
Coradi  harmonic  analyzer  at  the 
Eastman  Kodak  Co.  Research  Lab¬ 
oratories  by  Mr.  V.  C.  Hall,  to  whom 
acknowledgement  is  hereby  grate¬ 
fully  made.  The  results  of  the  anly- 
sis  are  given  below  in  Table  I.  While 
it  is  admitted  that  these  data  are 
rather  meagre  for  the  illustration  of 
a  general  law,  they  are  shown 
plotted  in  Fig.  7  as  a  matter  of 
interest. 


TABLE  I 

Harmonic  Analysis  of  Derived 
Waves  of  Fig.  6,  Showing  Distor¬ 
tion  Due  to  15°  Tracking  Angle 


Harmonic  Content 


Wave 

No. 

X/a 

% 

2nd 

% 

3rd 

% 

4th 

% 

5th 

6-A 

3 

24.7 

8.9 

3.3 

1.4 

6-B 

6 

12.6 

2.2 

0 

0 

6.C 

16.3 

4.1 

0 

0 

0 

It  is  believed  that  the  negative 
results  of  the  1930  experiments  may 
be  justified  in  view  of  the  analysis 
just  offered  together  with  some  addi¬ 
tional  considerations.  Little  quanti¬ 
tative  information  has  been  pub¬ 
lished  on  the  effect  upon  the  ear  of 
non-linear  distortion  of  reproduced 
sounds.  Data  secured  by  Massa*  in¬ 
dicate  that  at  least  12%  second  har¬ 
monic  must  be  pre.sent  to  be  detect¬ 
able  on  speech  by  direct  comparison 
in  a  system  having  an  upper  cut-off 
frequency  of  5,000  cycles,  and  about 
6%  in  an  8,000  cycle  system.  Al¬ 
though  there  appear  to  be  no  data 
similar  to  the  above  available  for 
music,  it  would  seem  reasonable,  in 
view  of  the  results  for  speech,  that 
the  amount  of  distortion  contributed 
by  the  worst  tracking  condition  in 
our  1930  experiments  should  be  un¬ 
detectable;  bearing  in  mind  that,  as 
shown  by  our  analysis,  the  maximum 
distortion  due  to  this  cause  may 
amount  only  to  4%  second  harmonic 
for  a  recorded  pure  tone. 

Another  reason  why  possible  dis¬ 
tortion  due  to  tracking  conditions 
could  not  be  detected  in  our  experi¬ 
ments  may  be  the  presence  of  dis¬ 
tortion  from  other  causes  connected 
with  recording  and  reproduction  on 
disc  records;  notably  the  so-called 
“pinch”  effect  and  the  shift  in  needle 
bearing  point,  both  of  which  have 
been  described  by  Frederick*.  These 
effects  are  shown  in  Figure  8,  copied 
from  Frederick’s  paper.  In  the  first 
case  it  is  important  to  note  that  the 
recorder  stylus,  being  chisel-shaped, 
generates  a  groove  of  varying  width 
dependent  upon  the  Steepness  of  the 
wave-front.  Assuming  the  reproduc¬ 


ing  needle  to  wear  itself  to  the  nar¬ 
rowest  dimension  of  the  groove,  the 
point  then  may  skid  from  side  to 
side  in  the  wider  portions  of  the 
groove.  The  other  possible  cause  of 
distortion,  due  also  to  recording  with 
a  chisel-shaped  cutter  and  reproduc¬ 
ing  with  a  round  point,  comes  into 
play  as  the  needle  rounds  a  curve 
and  is  clearly  illustrated  in  Fig.  8  by 
the  shifting  of  the  point  of  con¬ 
tact  A. 

To  obtain  some  idea  of  the  pos¬ 
sible  magnitude  of  these  effects,  a 
segment  of  groove  having  the  pro¬ 
portions  X/a  =  16.3  was,  together 
with  the  reproducer  point,  drawn  to 
a  large  scale  after  the  manner  of 
Fig.  8.  It  was  found  that  the  max¬ 
imum  possible  departure  of  the  nee¬ 
dle  path  from  that  originally  exe¬ 
cuted  by  the  recorder  stylus  was  of 
the  same  order  as  the  difference  be¬ 
tween  the  original  and  the  derived 
waves  of  Fig.  6-C.  The  reader  is 
reminded  that  the  latter  wave  repre¬ 
sents  the  maximum  distortion  caused 
by  the  usual  amount  of  tracking 
error  alone.  In  view  of  the  loose 
assumptions  which  would  have  to  be 
made  regarding  the  needle  skidding 
action,  it  was  not  attempted  to  derive 
and  analyze  waves  illustrating  the 
above  effects.  It  seems  reasonable 
to  expect,  however,  that  the  distor¬ 
tion  due  to  the  “pinch”  effect  would 
be  comprised  of  a  more  extended 
series  of  higher  order  components 
(some  of  which  might  possibly  be 
inharmonic)  than  would  that  due  to 
tracking  error  because  of  the  possi¬ 
bility  in  the  former  case  of  sharp 
and  irregular  changes  in  needle  mo- 

{Continued  on  page  81) 
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where  the  pickup  is  set  for  perfect 
tracking,  the  needle  point  being 
thereby  constrained  to  vibrate  about 
its  undisplaced  position  at  point  A 
along  a  line  perpendicular  to  the 
time  axis  of  the  wave.  Imagine  the 
whole  wave  having  started  from  a 
position  shifted  the  distance  OA  to 
the  right.  Then,  at  the  instant  de¬ 
picted  in  the  diagram  the  needle 
point,  following  the  groove,  will 
have  been  driven  from  A  to  D.  Now 
let  us  assume  the  pickup  to  be  set  to 
produce  15  degrees  tracking  error, 
a  value  around  the  maximum  occur¬ 
ring  with  average  conventional  arm 
and  pickup  arrangements.  The  nee¬ 
dle  point  is  now  forced  to  vibrate 
along  a  line  AB,  making  an  angle 
of  15  degrees  with  its  former  path 
AD  at  their  common  intersection 
with  the  time  axis.  With  the  same 
travel  of  the  wave  as  before,  namely 
the  distance  AO,  the  needle  point 


will  now  be  driven  from  A  to  B.  To 
relate  this  displacement  to  the  in¬ 
stant  of  time  A,  with  A  as  a  center 
and  radius  AB  an  arc  BE  is  de¬ 
scribed  intersecting  a  perpendicular 
erected  at  A.  C,  the  point  of  inter¬ 
section,  is  a  point  in  the  needle  dis¬ 
placement  wave  to  the  same  time 
base  as  the  driving  wave.  Other 
points  are  located  in  a  similar  man¬ 
ner  and  the  wave  represented  by 
the  solid  line  is  drawn. 

It  is  evident  from  an  inspection 
of  the  derived  wave  that  the  condi¬ 
tions  stipulated  above  produce  a 
large  amount  of  distortion.  (This 
distortion  and  that  of  the  other 
waves  of  Fig.  6  will  be  evaluated 
later.)  It  would  furthermore  ap¬ 
pear  that,  with  a  given  tracking 
error,  the  amount  of  distortion 
should  decrease  rapidly  with  in¬ 
crease  in  the  ratio  X/a  because  not 
only  does  the  intercept  DB  on  the 


Fig.  6 — ^Distortion  cousod  by  15  degroos  tracking  error.  In  A  and 
B  the  proportions  of  the  wares  ore  exaggerated  to  illustrate 
principle.  C  shows  the  worst  condition  liable  to  occur  in 
practice 


original  wave  then  become  shorter 
but  the  steepness  of  the  wave-front 
is  simultaneously  reduced.  Both  of 
these  factors  lead  to  a  smaller  de¬ 
parture  of  the  derived  wave  from 
the  original  wave.  This  is  illus¬ 
trated  in  Fig.  6-B,  where  X/a  for 
the  original  wave  is  double  that  for 
wave  A. 

To  illustrate  clearly  the  principles 
involved  it  has  been  found  desirable 
in  the  foregoing  to  employ  exagger¬ 
atedly  small  values  of  the  ratio  X/a. 
We  shall  now  investigate  the  record¬ 
ing  conditions  in  order  to  estimate 
the  smallest  value  of  this  ratio  that 
may  be  expected  to  occur  in  com¬ 
mon  practice.  First,  let  us  consider 
the  minimum  wave  velocity,  c.  As¬ 
suming  a  turnable  speed  of  78  r.p.m. 
and  a  minimum  groove  diameter  of 
4  inches, 

4x  X  78  . 

c  = - — —  =  16.3  in.  per  sec. 

bU 

The  wave  length  in  inches  then  will 
be: 

X  =  16.3//, 

where  /  is  the  frequency  in  cycles 
per  second. 

The  maximum  amplitudes  will 
now  be  investigated.  Sivian,  Dunn 
and  White  have  found*  that  an  or¬ 
chestra  delivers  its  peak  power  in 
the  250-500  cycle  band.  As  the 
highest  frequency  combined  with 
the  greatest  amplitude  will  give  the 
smallest  value  of  X/a,  we  shall 
choose  500  cycles  and  assume  the 
amplitude  to  be  0.002  inch,  a  value 
commonly  given  as  the  maximum 
permissible  in  lateral  recording. 
Then, 

16.3 

X/a  =  ^  xAo  ~  16.3 

500  X  0.002 

It  is  of  interest  also  to  evaluate  this 
ratio  for  other  frequencies  near  the 
extremes  of  the  usual  recorded 
range,  say  70  to  5,000  cycles.  Most 
professional  recorders  whose  de¬ 
scriptions  have  been  published  have 
been  designed  to  produce,  with  con¬ 
stant  electrical  input,  a  constant 
amplitude  response  below  about  200 
cycles  and  a  constant  velocity  re¬ 
sponse  above  that  frequency.  The 
maximum  permissible  amplitude 
(0.002  inch)  will  therefore  be  as¬ 
sumed  to  prevail  at  70  cycles.  Then, 


X/a  = 


16.3 


70  X  0.002 


=  116 
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In  the  case  of  5,000  cycles,  if  we  as- 
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includes  15  and  18  megacycles.  The 
drift  in  kilocycles  per  second  is 
plotted  against  elapsed  time  in  min¬ 
utes  after  the  first  measurement  of 
the  oscillator  frequency,  which  is 
taken  as  soon  as  possible  after  the 
cold  receiver  is  turned  on.  This 
curve  represents,  of  course,  the  most 
unfavorable  condition  of  operation, 
the  drift  at  lower  frequencies  on  the 
same  range  being  much  less.  In 
fact,  the  drift  in  kilocycles  on  any 
range  is  generally  proportional  to 
the  cube  of  the  frequency.  How¬ 
ever,  a  10-kc.  drift  is  usually  suffi¬ 
cient  to  tune  completely  from  one 
station  to  another  so  that  it  is  evi¬ 
dent  that  much  less  drift  than  that 
shown  by  Curve  I  would  still  be 
objectionable.  To  study  and  reduce 
objectionable  drift,  the  condition  of 
the  curve  is  most  favorable  for 
measurement  purposes. 


Fig.  1  —  Decrease  in  oscillator  frequency  during  heating. 
Curve  //  —  After  modification  of  apparatus 


Radio  engineers  have  realized 
for  a  number .  of  years  that 
during  the  warming-up  period 
after  a  superheterodyne  receiver  is 
put  into  operation,  a  large  change 
in  tuning  occurs  with  time.  The 
change  is  most  pronounced  on  the 
highest  frequency  range  and  in¬ 
creases  as  the  high-frequency  end 
of  this  range  is  approached.  This 
drift  in  tuning  persists  for  an  hour 
or  more  and  necessitates  frequent 
readjustments  of  the  tuning  control 
in  order  to  keep  a  short-wave  station 
in  tune.  The  effect  is  a  source  of 
annoyance  when  an  attempt  is  made 
to  listen  continuously  to  a  program 
from  a  short-wave  station  unless  the 
receiver  has  been  in  operation  for 
an  hour  or  more.  Complaints  from 
users  with  regard  to  this  receiver 
defect  are,  however,  surprisingly 
few,  indicating  that  either  users  do 
not  ordinarily  listen  continuously  to 
such  short-wave  programs  or  that 
they  blame  the  station  or  fading. 


rather  than  the  receiver,  for  the 
frequent  loss  of  signals. 

The  direction  of  the  drift  in  the 
tuning  is  toward  a  higher  frequency, 
that  is,  the  dial  setting  must  be 
continuously  shifted  toward  the 
high-frequency  end  of  the  range  to 
keep  the  station  in  tune.  Since  the 
tuning  of  a  superheterodyne  is  gen¬ 
erally  determined  primarily  by  the 
oscillator  frequency,  it  seems  ob¬ 
vious  that  frequency  variation  of 
the  oscillator  is  the  cause  of  the 
drift.  Because  correction  of  the 
drift  requires  an  increase  in  the 
oscillator  frequency,  the  drift  itself 
represents  a  decrease  in  the  oscilla¬ 
tor  frequency  with  increasing  tem- 
I)erature.  That  this  is  the  source 
of  the  frequency  drift  is  shown  by 
Curve  I  in  Fig.  1.  This  curve  shows 
the  decrease  in  the  oscillator  fre¬ 
quency  with  time  in  the  case  of  a 
1936  model  of  receiver.  The  meas¬ 
urement  was  made  near  the  high- 
frequency  end  of  the  band  which 


To  Measure  Drift 

A  method  of  measurement  of  the 
oscillator  drift  is  the  following.  An 
auxiliary  stable  oscillator  operated 
from  batteries  and  an  auxiliary  re¬ 
ceiver  are  employed.  The  frequency 
of  the  auxiliary  oscillator  can  be 
varied  by  a  vernier  condenser  which 
is  calibrated  in  kilocycles  per  di- 
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vision.  The  oscillations  of  both  the 
oscillator  under  measurement  and 
the  auxiliary  oscillator  are  tuned  in 
on  the  auxiliary  receiver  and  the 
auxiliary  oscillator  is  adjusted  to 
the  same  frequency  as  the  oscillator 
under  test  using  as  an  indicator  the 
reduction  of  the  beat  note  to  zero 
frequency.  Loose  coupling  between 
the  two  oscillators  is  required.  A 
drift  in  frequency  of  the  oscillator 
under  test  is  then  measured  by  the 
change  in  the  auxiliary  oscillator 
required  to  restore  the  zero  beat. 

The  cause  of  o.scillator  drift  ap¬ 
pears  to  have  been  unknown,  at 
least  up  to  a  year  or  two  ago.  At  that 
time  the  author,  him.self  in  the 
dark,  caused  inquiries  to  be  made 
of  two  laboratories  who  had  worked 
on  the  matter.  The  replies  were 
negative,  the  only  remedial  sugges¬ 
tion  being  the  use  of  a  compensation 
device.  Such  a  device  has  been  de¬ 
veloped  by  the  author;  it  is  believed 
that  at  least  one  radio  concern  has 
put  such  a  device  on  a  commercial 
receiver. 

The  drift  appeared  to  be  due  to 
some  abnormal  effect.  Suppose,  for 
example,  a  calculation  is  made  of  the 
change  in  tuning  due  to  temperature 
rise  in  the  coil  and  condenser  of  the 
oscillatory  circuit.  The  measured 
rise  in  temperature  of  these  units 
in  an  hour  is  usually  of  the  order 
of  10®  C.  If  all  parts  of  the  coil 
and  condenser  had  a  normal  coeffi¬ 
cient  of  say,  20  parts  in  a  million 
per  degree  C,  each  of  these  units 
would  increase  in  value  with  this 
same  coefficient,  and  the  frequency 
would  decrease  with  the  same  coeffi¬ 
cient.  The  frequency  drift  at  18  me. 
would  be  only  3.6  kc.  in  one  hour. 
This  is  negligible  and  far  below  the 
observed  values.  Changes  in  volt¬ 
age  applied  to  the  oscillator  due  to 
heating  of  the  speaker  field  and  other 
units  of  the  receiver  might  also  be 
suspected  as  the  cause  of  drift  but 
are  found  experimentally  to  be  en¬ 
tirely  too  small.  Changes  in  fre- 
ouency  due  to  heating  of  the  oscil¬ 
lator  tube  itself  can  be  checked  by 
substituting  a  cold  tube  for  the  hot 
one  in  a  hot  set.  Here  some  drift 
is  observed,  but  still  this  is  far  be¬ 
low  the  total  drift  of  the  receiver. 
Furthermore,  due  to  the  rapid  heat¬ 
ing  of  the  tube,  it  is  found  that  this 
component  of  the  drift  quickly 
reaches  a  stable  value,  coming  up 


to  about  ninety  per  cent  of  its  final 
value  in  the  first  ten  minutes.  This 
is  a  much  less  objectionable  com¬ 
ponent  of  drift  than  that  which  per¬ 
sists  for  an  hour  or  more. 

In  connection  with  other  work, 
the  author  found  that  condensers 
employing  certain  dielectrics  showed 
very  high  positive  temperature  co¬ 
efficients  of  capacity  or  of  effective 
dielectric  constant.  While  this  find¬ 
ing  is  probably  not  new,  the  effect 
is  apparently  not  generally  known. 
In  different  dielectrics,  the  effect 
appears  to  increase  with  the  dielec¬ 
tric  losses.  Thus  low-loss  dielectrics 
show  a  small  temperature  coefficient 
of  effective  dielectric  constant  or 
even  a  negative  coefficient,  while  the 
higher-loss  dielectrics  will  show 
y'ery  great  positive  coefficients.  The 
following  table  gives  observed  co¬ 
efficients  of  effective  dielectric  con¬ 
stant  in  parts  in  a  million  per  degree 
C  for  samples  of  several  materials: 


Varnished  Cambric  .  +2100 

Synthetic  Resin  . .  +1660 

Insulation  of  push  back  wire  +1500 

Rubber  covered  wire  (low 

grade)  . +1100 

Enamel  Insulation  .  +  470 

Rubber  covered  wire  (high 

grade)  .  +  200 

Hard  rubber  . +  200 

Ceramic  Insulation  .  +  100 

Victron  (white)  .  —  35 


Since  the  minimum  capacity  in  a 
receiver  is  largely  comprised  of 
capacities  through  insulators  in  the 
wave  change  switch,  the  condenser,' 
coil  form,  leads,  tube  socket,  and’ 
base,  and  since  synthetic  resin  in-' 
sulators  are  w’idely  employed,  the 
possibility  is  that  the  temperature 
variation  of  these  capacities  might 
cause  the  major  drift  in  the  receiver. 
Likewise,  some  of  these  parts  warm 
up  slowly  to  their  final  temperature. 
Such  a  capacity  change  would  change 
the  minimum  capacity  of  the  re¬ 
ceiver  which,  on  a  given  range, 
would  bring  about  a  frequency 
change  in  kilocycles  proportional  to 
the  cube  of  the  frequency.  A  check 
at  several  frequencies  over  the  fre¬ 
quency  range  of  the  receiver  used 
in  obtaining  Curve  I  of  Fig.  1 
showed  that  this  relationship  holds 
to  a  fair  degree  of  accuracy.  The 
attempt  was  then  made  to  reduce 
the  drift  in  the  receiver.  For  the 
oscillator  section  of  the  variable 
condenser  there  was  substituted  a 


small  variable  condenser  with 
ceramic  insulation.  This  was 
mounted  as  near  as  possible  to  the 
unused  section  in  order  to  obtain  the 
same  temperature  changes.  A  coil 
wound  on  a  ceramic  form  was  sub¬ 
stituted  for  the  original  coil  and 
mounted  in  the  same  shield.  The 
wave  change  switch  contacts  on  the 
high  potential  side  of  the  oscillator 
were  eliminated  by  means  of  direct 
connection  with  stiff  leads  in  air. 
Ceramic  tube  sockets  were  installed 
and  an  oscillator  tube  with  ceramic 
insulation  was  used.  A  synthetic 
resin  block  which  supported  the  high 
potential  terminals  of  the  grid  leak 
and  grid  condenser  in  the  oscillator 
circuit  was  also  removed  leaving  the 
junction  in  free  air. 

Curve  II  of  Fig.  1  shows  the  large 
reduction  in  oscillator  drift  which 
resulted  from  this  elimination  of 
capacity  effects  produced  primarily 
by  the  use  of  synthetic  resin.  The 
drift  in  one  hour  has  been  reduced 
to  15  per  cent  of  the  original  drift. 
Still  more  marked  is  the  reduction 
in  drift  after  the  first  ten  minutes 
of  operation.  In  the  succeeding  fifty 
minutes  the  drift  is  reduced  to  ten 
per  cent  of  the  original  drift. 
Restoring  the  receiver  to  its  orig¬ 
inal  condition  resulted  in  the  same 
large  drift  as  originally  observed 

In  the  case  of  another  commercial 
receiver  it  was  found  that  at  the 
high-frequency  end  of  the  broad¬ 
cast  band  there  occurred  a  thermal 
freiquency  drift  amounting  to  about 
30  kc.,  which  represents  a  very  large 
change  in  the  minimum  capacity. 
This  was  found  to  be  due  to  capac¬ 
ity  between  a  tickler  winding  and 
the  main  oscillator  winding.  The 
tickler  was  wound  over  the  main 
oscillator  coil  with  several  layers 
of  varnished  silk  between.  Replac¬ 
ing  the  tickler  winding  by  one  wound 
on  a  separate  coil  form  inside  elim¬ 
inated  the  drift. 

It  is  realized  that  the  above  tests 
by  no  means  represent  a  complete 
practical  solution  of  thermal  drift 
for  the  commercial  receiver  manu¬ 
facturer  who  must  consider  cost, 
mechanical  properties  and  coefficient 
of  expansion  of  the  various  insula¬ 
tors.  It  is  hoped,  how’ever,  that  the 
results  insofar  as  they  explain  the 
main  cause  of  frequency  drift,  may 
be  of  value  in  bringing  about  its 
reduction. 


electronics  —  November  1937 


25 


Turn  views  of  the  Emerson  midget  receiver  with  dial  surrounding  the  speaker  grille.  The  dark  cabi¬ 
net  is  of  mottled  Durez,  while  the  ivory  housing  is  of  Beetleware.  These  illustrations  show  the  variety 
which  may  be  obtained  through  the  use  of  plastics  of  various  colors  and  compositions 


New  Plastic  Materials! 
_  f 

In  Electronics,  March  1936,  the  writer  explained  the  properties  of  plastics  of  various  types 
indicating  which  types  are  hest  suited  for  the  variety  of  uses  encountered.  Here  the  appli-  i 
cation  of  plastics  in  cahinets  and  external  fittings  is  considered  and  the  materials  compared 
with  other  types  available 


PLASTICS  have  long  since  demon¬ 
strated  their  suitability  for  use 
in  cabinets  and  parts  exposed  to 
view  in  radio  receivers  and  certain 
other  electronic  applications.  Their 
use  is  extending,  but  they  are  still 
in  active  competition  with  wood. 
This  competition  promises  to  con¬ 
tinue,  especially  as  there  are  numer¬ 
ous  factors  besides  the  properties  of 
the  two  materials  them.selves  to  be 
considered  in  making  a  choice.  Where 
either  type  of  material  meets  re¬ 
quirements,  relative  cost  of  the  com¬ 
plete  cabinet  is  likely  to  be  the  chief 
factor  in  determining  which  is 
chosen,  but  other  factors  such  as 


Seven  English  receiver  cabinets  of 
varying  size  and  shape,  all  of  which 
are  produced  in  molded  Bakelite 


International  Kadette  model  having  a  three  piece 
cabinet,  the  cover  and  grille  being  molded  sepa¬ 
rately  from  the  main  section 


This  prize  winning  Silvertone  model  is  made  of 
ivory  Plaskon  with  an  injection  molded  Tenite 
dial 


By  HERBERT  CHASE 


that  of  appearance  (which  is  a  mat¬ 
ter  of  opinion)  enter  and  often  make 
the  choice  more  difficult.  Avail¬ 
able  production  facilities  also  have 
to  be  considered  and  much  may  de¬ 
pend  on  the  method  used  in  figur¬ 
ing  costs.  The  success  gained  with 
plastic  cabinets  both  in  this  country 
and  abroad,  however,  makes  it  clear 
that  the  merits  of  plastic  cases  are 
deserving  of  study,  as,  of  course,  are 
their  limitations. 

The  use  of  plastic  control  knobs 
is  nearly  universal  and  in  recent 
months  there  has  been  a  sharp  swing 
toward  other  plastic  fittings  such 
as  bezels  and  dials,  partly  because 
of  improved  methods  and  machines 
for  the  injection  molding  of  cellulose 
acetate.  Some  of  the  moldings  include 
a  glass  lens  employed  as  an  insert 
and  becoming  in  effect  one  piece  with 
the  molding.  There  are  also  more 
makes  of  plastics  available  and  some 
of  those  long  used  to  a  limited 


Two  cabinets  and  a  complete  Garod  receiver  with  hous¬ 
ings  of  phenolic  plastic  Durez.  Usually  housings  such 
as  these  are  molded  in  a  single  piece  without  joints 


extent  have  been  improved  greatly 
and  come  in  a  wider  range  of  colors. 
There  are,  too,  some  entirely  new 
types  of  plastic,  including  one  (a 
methacrylic  plastic  called  “Lucite”) 
which  is  glass  clear  besides  being 
capable  of  injection  molding.  One 
company  (Catalin  Corporation)  is 
offering  transparent  and  translucent 
thermo-setting  phenolic  compounds 
capable  of  molding,  a  type  of  ma¬ 
terial  heretofore  not  available  on  a 
commercial  scale. 

Laminated  plastics,  once  very 
widely  employed  as  front  panels  of 
receiving  sets,  are  used  today  for 


this  purpose  chiefly  in  commercial 
applications.  They  enter  also  into 
equipment  for  broadcasting  and  for 
commercial  communication  units 
where  the  quantities  produced  are 
small.  Many  panels,  however,  are 
of  metal.  An  important  use  of 
laminated  plastics  in  a  comparatively 
new  form  for  home  receivers  is  in 
the  making  of  dials  of  translucent 
material.  The  latter  is  now  avail¬ 
able  in  white  or  light  tints  made 
from  paper  impregnated  with  special 
phenolic  or  urea  resins  and  can  be 
printed  or  the  paper  employed  can 
be  printed  before  impregnation,  giv- 
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ing  any  dial  markings  required.  Such 
dial  stock  is  non-flammable,  little 
affected  by  temperature  changes 
within  the  temperature  range  com¬ 
monly  encountered,  and  retains  its 
shape  and  dimensions.  Its  translu- 
cency  i)ermits  of  illumination  by 
transmitted  light,  just  as  with  the 
older  nitrocellulose  and  cellulose 
acetate  sheet. 

To  date,  the  only  plastic  materials 
to  be  employed  for  complete  molded 
plastic  cabinets  are  the  phenolic  and 
urea  molding  materials.  The  phen¬ 
olic  type,  which  includes  Bakelite, 
Durez,  Textolite,  Resinox  and  Maka- 
lot,  among  other  makes,  is  employed 
chiefly  in  black  and  dark  colors  which 
are  opaque  and  cost  somewhat  less 
than  half  as  much  per  pound,  as 
a  rule,  as  the  urea  materials, 
marketed  under  the  names  Plaskon 
and  Beetle.  The  latter,  however, 
are  available  in  white  and  light 
tints,  either  opaque  or  translucent, 
and  are  used  chiefly  where  light 
colors  are  desired.  Most  of  the  sig¬ 
nificant  properties  except  color  are 
about  the  same  as  for  the  phenolics. 
This  applies  to  strength  as  well  as 


to  resistance-to-water,  non-staining 
properties  or  marking,  as  by  bever¬ 
age  glasses,  which  if  left  standing 
on  a  wooden  cabinet  often  leave  an 
unsightly  mark.  This  does  not 
occur  with  plastic  cases  and,  as  they 
require  no  applied  finish,  there 
is  nothing  to  chip,  check  or  de¬ 
teriorate  as  in  wood  cabinets.  Some¬ 
what  more  care  is  required  in  mold¬ 
ing  the  light  colored  ureas,  but  the 
process  is  much  the  same  and  the 
chief  difference  in  cost  as  between 
phenolic  and  urea  cabinets  is  in  the 
material  itself. 

Although  it  is  possible  to  pro¬ 
duce  cabinets  in  molded  phenolics  or 
ureas  which  substantially  duplicate 
in  appearance  ordinary  wooden  cab¬ 
inets,  and  vice  versa,  the  molded 
form  can  be  and  often  is  made  in 
shapes  which  are  not  commercially 
feasible  to  reproduce  in  wood.  Sec¬ 
tions  are  also  thinner  in  the  molded 
cabinet  and  for  a  given  outside  di¬ 
mension.  This  results  in  more  in¬ 
ternal  space.  The  molded  cabinet 
can  be  made  without  joints  and 
never  requires  gluing,  as  does  wood. 
It  is  thus  free  from  the  defects 


of  glue  and  of  ply-wood,  which  may 
be  quite  important  in  moist  climates. 
At  least  one  maker  of  receiving  sets 
employs  them  chiefly  for  export,  as 
oversea  shipments  may  be  hard  on 
wood  cabinets.  In  addition,  the  plas¬ 
tic  case  is  free  from  attacks  by 
insects  and  fungus  which  may  be 
serious  where  wood  is  used  in  trop¬ 
ical  climates.  Moreover,  the  dimen¬ 
sions  of  the  molded  cabinet  can 
usually  be  held  and  maintained 
within  closer  limits  than  with  wood 
and  it  is  not  subject  to  warping.  All 
these  are  important  , considerations 
favoring  the  molded  cabinet. 

On  the  other  hand,  it  is  probably 
true  that  the  molded  cabinet  is  more 
fragile  than  wood  if  dropped  or 
subjected  to  shock.  Injury  is  likely 
to  result  if  any  cabinet  be  dropped, 
however,  and  the  molded  one  can 
be  replaced  easily  if  broken.  With 
proper  packing  and  reasonable 
handling,  however,  breakage  in  tran¬ 
sit  appears  not  to  be  a  serious  fac¬ 
tor  whatever  form  of  cabinet  is 
used. 

It  is  sometimes  urged  pertinently 
that  the  molded  cabinet  is  inflexible 


Smart  Render  cabinet  designed  for  the  younger 
generation  and  molded  in  ivory  Plaskon.  A  cabi¬ 
net  of  this  shape  would  be  expensive  to  produce 
in  wood,  and  would  be  difficult  to  keep  clean 


Frames  or  bezels  injection  molded  from  Tenite 
around  glass  lenses  for  RCA-Victor  by  Erie  Re¬ 
sistor  Corp.  The  frame  at  the  top  measures 
slightly  more  than  6  in.  x  13  in.  and  is  said  to 
be  the  largest  injection  molding  yet  produced.  It 
includes  both  glass  and  metal  inserts 
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The  Motorola  fittings  at  the  left  are  injection 
molded  from  the  cellulose  acetate  plastic,  Tenite 


Pilot  all-wave  receiver  as  molded  in  Bakelite,  is 
one  of  the  largest  plastic  cabinets  yet  produced. 
It  is  ISy^  in.  high,  73'^  in.  wide,  and  10%  in. 
deep,  and  weighs  ten  pounds 


in  the  sense  that,  once  molds  are 
made,  changes  are  difficult  or  im¬ 
possible,  whereas,  with  wood,  almost 
any  change  can  be  made  at  rela¬ 
tively  low  cost.  Although  this  is 
true,  it  can  be  made  of  little  or 
no  consequence  by  proper  planning 
and  testing  of  models.  Naturally, 
the  molded  case  should  not  be  con¬ 
sidered  at  all  unless  there  is  reason¬ 
able  assurance  that  the  particular 
models  to  be  produced  by  molding 
will  sell  in  quantities  sufficient  to 
warrant  the  investment  in  molds. 
With  proper  forethought  and  study 
of  hand-made  models,  however,  the 
chance  of  having  to  scrap  a  mold 
without  amortizing  its  cost  over  a 
fair  production  run  is  not  great. 

Although  each  molding  is  an  exact 
duplicate  in  shape  and  size  of  each 
other  from  the  same  mold,  it  does 
not  follow  that  appearance  need  be 
identical,  for  almost  any  range  of 
color  variations  can  be  employed. 
In  addition,  if  a  two-piece  or  three- 
piece  cabinet  be  molded,  several  com¬ 
binations  of  color  within  the  same 
cabinet  are  possible.  Thus,  if  the 
side  walls  and  a  part  of  the  front 


be  molded  in  one  piece,  a  cover  for 
a  top  opening  in  a  second  piece  and 
a  grill  in  a  third  piece,  as  has  been 
done  in  some  designs,  each  of  these 
can  be  in  a  different  color  or  even 
in  a  different  plastic  and  an  un¬ 
limited  set  of  combinations  can  be 
chosen  for  production  with  no  mold 
change.  This  practice  is  likely  to 
be  followed  more  in  the  future, 
affording  differences  in  eye  appeal 
which,  with  other  variations  in 
chassis  and  equipment,  may  yield  a 
wide  range  of  models  all  from 
one  set  of  molds. 

Precisely  this  has  been  done  by 
at  least  one  maker,  the  cabinet  be¬ 
ing  offered,  for  example,  with  a  dark 
phenolic  case,  a  light  urea  cover  and 
an  acetate  grille.  Another  model  may 
come  with  both  case  and  cover  in 
light  urea  and  the  grille  in  a  con¬ 
trasting  shade  of  acetate.  Dial  and 
knob  colors  may  also  be  altered  giv¬ 
ing  still  further  variations.  There 
are  unlimited  and  highly  attractive 
possibilities  along  these  lines  yet 
to  be  realized  and  quite  sure  to  be 
capitalized  by  designers  with  fore¬ 
sight  and  imagination.  It  is  proba¬ 


bly  true  that  a  one-piece  molded 
case  costs  less  than  one  assembled 
from  two  or  more  parts  molded  sep¬ 
arately,  and  that  the  mold  cost  is 
greater  in  the  latter  case,  but  the 
difference  need  not  be  very  great 
and  the  possible  variations  so  attrac¬ 
tive  as  to  warrant  the  extra  cost 
many  times  over. 

Mold  cost  is  often  the  critic^ 
factor  in  determining  whether  or  not 
to  employ  a  molded  cabinet.  This 
cost  varies  greatly  with  such  items 
as  the  design  of  the  case,  its  dimen¬ 
sions,  the  number  of  cavities  needed 
in  the  mold  to  yield  the  required 
production  rate;  the  number  of 
molds  needed,  especially  if  a  “spare” 
is  considered  essential  or  more  than 
one  source  of  supply  is  required  as 
a  matter  of  insurance  that  produc¬ 
tion  will  be  continuous  despite  pos¬ 
sible  accidents  or  strikes,  and  with 
other  factors.  One  manufacturer  of 
receivers  reports  that  mold  invest¬ 
ment  runs  from  about  $1,200  for  a 
very  small  cabinet  up  to  around  $4,000 
for  a  table  cabinet  approximating 
8  X  13  in.  in  frontal  dimensions.  The 
cost  per  molding  in  the  latter  in- 
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To  date,  one  of  the  largest  if  not 
the  largest  molded  radio  cabinet  pro¬ 
duced  measures  18i  in.  high  13i  in. 
wide  and  101  in.  deep,  and  weighs 
ten  pounds.  Although  it  is  doubtless 
possible  to  mold  larger  cases,  the 
feasibility  of  doing  so  would  de¬ 
mand  careful  study  before  mold  con¬ 
struction  would  be  undertaken. 
There  are  possibilities  in  cases  as¬ 
sembled  from  molded  sections  to  gain 
large  size,  but  whether  they  would 
represent  economies  as  compared 
to  one-piece-cases  depends  on  too 
many  factors  to  warrant  any  gen¬ 
eralized  conclusion. 

Available  data  as  to  the  effect  of 
a  molded  cabinet  on  tone  quality  are 
of  somewhat  uncertain  character, 
being  in  part  a  matter  of  judgment 
or  opinion.  Plastics  are  generally 
credited  with  being  non-resonant, 
but  this  is  probably  true  only  in  a 
degree.  One  manufacturer  using 
molded  cabinets  reports  that  they 
result  in  a  higher  pitch  than  with 
wooden  cabinets,  but  this  was  reme¬ 
died  by  suitable  juggling  with 
speaker  cones  and  appears  not  to 
be  a  serious  drawback,  if  so  re¬ 
garded  at  all. 

To  generalize  in  a  summary  re¬ 


stance  runs  well  under  one  dollar 
as  against  about  $1.50  for  a  wood 
cabinet  of  similar  dimensions. 
Whether  the  price  of  the  molding 
includes  mold  amortization  and  if  so 
over  how  large  a  run  is  not  stated, 
but  this  maker  favors  the  molded 
case  on  a  cost  basis  in  table  cab¬ 
inets  in  which  the  volume  of  sales 
warrants  mold  investment. 

As  opposed  to  this,  another  large 
producer  using  only  wood,  cabinets 
reports  the  latter  as  less  expensive 
and  considers  the  mold  cost  for  a 
plastic  case  too  great,  especially  with 
yearly  changes  in  design  and  the 
need  for  multiple  molds  required 
for  large  production.  This  conclusion 
may  well  be  influenced,  however,  by 
large  investments  in  plant  for  turn¬ 
ing  out  wooden  cases  at  moderate 
cost.  Many  makers  buy  all  cabinets, 
whether  wood  or  plastic,  from  out¬ 
side  sources  and  logically  employ  the 
less  expensive  type,  be  it  wood  or 
plastic,  where  satisfaction  in  per¬ 
formance  can  be  gained  with  either 
type.  It  is  recognized,  however,  that 
plastic  cases  may  have  a  distinctive 
type  of  sales  appeal  not  duplicated 
in  wood  and  this  is  taken  into  con¬ 
sideration. 


quires  many  qualifications,  but  it 
may  be  said  that  experience  with 
molded  cabinets  appears  to  be  gen¬ 
erally  favorable.  It  is  sufficiently 
so,  in  any  event,  to  have  accounted 
for  a  wide  increase  in  their  use 
and  to  warrant  further  consideration 
for  models  promising  production  in 
quantities  large  enough  to  justify 
mold  investment. 

Little  need  be  added,  perhaps,  as 
to  the  desirability  of  plastics  for 
fitments,  whether  the  cabinet  be 
wood  or  plastic.  Plastic  knobs  are 
almost  universal,  as  they  are  pleas¬ 
ant  to  the  touch,  do  not  wear  from 
handling  and  can  be  made  decorative 
or  inconspicuous,  as  desired,  besides 
being  low  in  cost.  There  is  also  a 
growing  demand  for  molded  or 
laminated  dials  of  plastic  as  well  as 
for  bezels.  Erie  Resistor  Corp.  has  a 
patented  method  of  molding  a  bezel 
or  frame  of  cellulose  acetate  around 
a  lens  of  glass  to  make  a  handsome 
and  permanent  assembly  which  is 
also  highly  pleasing  from  an  ap¬ 
pearance  standpoint  and  has  already 
gained  considerable  use.  The  injec¬ 
tion  molding  process  and  newer  ma¬ 
chines  for  injection  molding  pieces 
of  larger  size  have  made  this  de¬ 
velopment  possible.  This  form  of 
molding  is  rapid  and  is  applied 
also  to  many  small  radio  parts,  the 
molds  being  small  and  moderate  in 
cost.  Bezels,  dials  and  escutcheons 
are  molded  with  raised  or  debossed 
figures  if  desired  and  can  be  pro¬ 
duced  in  any  color  or  degree  of 
translucent  or  transparency  or  made 
opaque,  as  shown  in  accompanying 
illustrations.  Colors  may  match  or 
contrast  with  wood  or  with  other 
plastics. 

Many  fitments  are  molded  by  com¬ 
pression,  as  opposed  to  injection, 
and  they  may  be  of  cellulose  acetate 
or  of  the  thermo-setting  phenolic 
or  urea  plastics,  some  ol  the  latter 
being  translucent.  This  applies  to 
grilles  as  well  as  to  d  ais,  knobs, 
bezels  and  the  like.  Plastics  have 
an  advantage  over  metal  parts,  such 
as  bezels,  as  they  retain  their  nat¬ 
ural  finish  indefinitely  and  do  not 
require  plating  or  any  form  of  ap¬ 
plied  finish.  They  do  not  emit  a 
metallic  sound  and  the  molds  for 
forming  them  may  cost  less  than 
dies  to  produce  stamped  parts.  All 
these  factors  point  toward  a  wider 
use  of  plastics  for  small  fittings 
regardless  of  what  material  may  be 
used  in  the  cabinet  itself. 


Webster  Amplicall  ujith'a  Beetle  molded  housing. 
Plastic  cases  enter  the  field  of  office  intercom¬ 
munication  as  well  as  that  of  radio  receivers 
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Screens  for  Television  Tubes 


A  review  of  phosphorescent  screens  used  in  television  cathode-ray  tubes,  including  their 
influence  on  the  contrast  of  reproduced  images,  abstracts  from  Chapter  XI  of  the  forth¬ 
coming  book  “Electron  Optics  in  Television”  to  be  published  this  winter  by  McGraw-Hill 


Any  emission  of  light,  not  di- 
I  rectly  ascribable  to  incandesc¬ 
ence  and  therefore  occurring  at  low 
temperatures  is  called  luminescence. 
There  are  a  great  many  forms  of  lu¬ 
minescence  differing  one  from  an¬ 
other  in  forms  of  excitation,  such  as : 
photo-luminescence,  cathodo-lumin- 
escence,  chemi-luminescence,  etc.  In 
cathode  ray  tubes  the  only  type  of 
luminescence  utilized  is  cathodo-lu- 
minescence,  i.e.,  luminescence  with 
electron  bombardment  as  excitation. 
The  luminescence  of  a  substance  dur¬ 
ing  the  excitation  is  called  fluor¬ 
escence,  while  the  luminescence  of  a 
substance  after  the  excitation  has 
been  removed  is  called  phosphor¬ 
escence. 

Phosphors 

Solid  luminescent  materials  pos¬ 
sessing  properties  of  fluorescence 
and  phosphorescence  are  commonly 
called  “phosphors”.  The  theory  of 
luminescence  of  phosphors  is  very 
involved  and  as  yet  has  not  been 
firmly  established  in  all  its  details’. 

Of  the  great  number  of  phosphors 
known,  only  two  groups  are  com¬ 
monly  used  for  screens  in  television 
tubes.  They  are  silicate  phosphors 
and  sulfide  phosphors.  The  predom¬ 
inant  metal  (but  not  the  only  metal) 
in  either  of  the  two  groups  is  zinc. 
Of  silicate  phosphors  the  most  widely 
used  is  willemite.  Chemically,  wille- 
mite  is  zinc  orthosilicate  (Zn^SiO.) 
with  small  traces  of  manganese  or 
other  metals  present.  It  is  very 
popular  with  American  makers  of 
cathode-ray  tubes*.  Of  sulfide  phos¬ 
phors,  zinc  sulfide  (ZnS)  is  the  best 
known.  In  Europe  zinc  sulfide  (cop¬ 
per-activated)  and  zinc-cadmium 

’  See  E.  L.  Nichols.  H.  L.  Howes  and  D.  T. 
Wilber,  “Catbodo-Lumlnescence  and  Lumlnes- 
lence  of  Incandescent  Solids",  a  publication 
of  Carnegie  Inst,  of  Washington  (1928)  ;  also 
R.  Tomaschek.  “Optlk  und  Elektronlk  fester 
und  flusslger  Stoffe”,  Die  Physlk,  Vol.  2,  #1, 
P.  33  (1934). 

*  See  T.  B.  Perkins  and  H.  W.  Kaufmann, 
"Luniines::ent  Materials  for  Cathode  Ray 
Tubes”.  Proc.  IRE  Vol.  23,  p.  1324,  Novem¬ 
ber,  1985. 


By  I.  G.  MALOFF  and 
D.  W.  EPSTEIN 

RCA  Victor  Division,  Camden,  X.  J. 

sulfide*  have  gained  far  greater  pop¬ 
ularity  than  willemite. 

Screen  Efficiency 

Under  normal  conditions  the  can- 
dlepower  of  a  given  luminescent 
screen  per  watt  of  the  beam  power 
input  (.screen  efficiency)  varies  some, 
but  not  very  much,  w'ith  the  values 
of  current  and  voltages  u.sed  in  tele¬ 
vision.  For  accurate  comparisons, 
however,  the  curves  of  screen  effi¬ 
ciency  vs.  beam  current  and  voltage 
are  required. 

•  See  L.  Levy  and  I).  W.  West,  ‘‘Fluorescent 
Screens  for  Cathode  Ray  Tubes  for  Television 
and  Other  Puri)Ose8",  Journ.  JEE,  Vol.  79, 
p.  11.  July  193t>. 


It  can  be  said  that  screen  efficiency 
of  good  luminescent  screens  of  tele¬ 
vision  tubes  is  of  the  order  of  1  and 
2  candlepower  per  watt  when  viewed 
through  the  glass  bulb  from  the  side 
opposite  to  the  one  from  which  the 
electron  bombardment  takes  place. 
When  viewed  from  the  gun  side  the 
efficiency  is  higher  by  at  least  50 
per  cent.  A  simple  calculation  then 
shows  that  the  total  light  generated 
by  a  good  screen  is  between  8  and 
16  lumens  per  "watt  of  beam  power. 
An  efficiency  of  12  lumens  per  watt 
is  given  for  the  ordinary  60  watt 
tung.sten  lamp. 

Willemite 

The  name  “willemite”  was  given 
to  the  natural  material  by  its 
discoverer,  A.  Levy,  in  honor  of 
King  Willem  I  of  the  Nether¬ 
lands.  Natural  willemite  is  found 


Fig.  1 — Energy  distribution  of  light  from  green  toiUemite,  com¬ 
pared  toith  the  visual  response  of  the  eye 
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what  narrower  and  more  sharply  cut 
off  in  blue  and  red. 

The  overall  efficiency  of  a  wille- 
mite  screen  varies  between  one  and 
two  and  a  half  candlepower  per 
watt,  depending  on  the  following 
factors:  size  of  willemite  particles, 
thickness  of  the  luminescent  screen, 
second  anode  voltage,  degree  of  sat¬ 
uration  of  willemite,  type  and  con¬ 
centration  of  activator,  etc. 

Figure  2  shows  the  candlepower 
per  watt  as  a  function  of  beam  volt¬ 
age  at  two  values  of  current  for  a 
typical  green  willemite  screen,  man¬ 
ganese  activated,  sieved  through  400 
mesh  and  applied  to  a  pyrex  bulb  in 
quantity  of  0.7  milligram  per  square 
cm.  Figure  3  shows  the  candlepower 
as  function  of  beam  current  at  a 
constant  value  of  beam  voltage  for 
the  same  screen. 
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Fig.  2 — Luminescent  efficiency  of  willemite 
as  a  function  of  voltage 

in  the  U.  S.  near  Franklin  Fur-  suitable  binder,  and  second,  settling 
nace,  N.  J.,  and  is  suitable  for  from  a  solution  and  slowly  decanting, 
use  in  television  cathode-ray  tubes.  The  spectral  distribution  of  the 
The  variations  of  the  impurities  con-  light  emitted  by  the  green  willemite 
tents,  however,  render  the  natural  under  electron  bombardment  is 
mineral  rather  undependable.  In  shown  in  Fig.  1.  As  the  curves 
the  first  decade  of  this  century  W.  show,  the  spectral  characteristic  of 
S.  Andrews  of  the  General  Electric  this  willemite  follows  very  closely 
Company  succeeded  in  producing  the  general  shape  of  the  eye  visi- 
synthetic  willemite  with  manganese  bility  curve,  although  it  is  some- 
as  activator.  Most  of  the  modern 
tubes  made  in  this  country  use  syn¬ 
thetic  willemite  for  luminescent 
screens.  Manganese  is  still  consid¬ 
ered  as  the  most  suitable  activator 
for  it.  The  colors  of  fluorescence 
and  of  phosphorescence  of  the  best 
known  t3T)e  of  willemite  are  green 
and  yellow. 

Synthetic  willemite  is  prepared  by 
mixing  suitable  proportions  of  zinc 
oxide,  silica,  activator  and  flux  and 
fusing  it  in  a  furnace  into  a  uniform 
substance.  After  cooling  the  result¬ 
ant  silicate  is  ground,  sieved,  and 
put  into  a  solution,  which  is  applied 
to  the  inside  surface  of  the  tube. 

The  willemite  thus  obtained  is  a 
glass-like  inorganic  substance  cap¬ 
able  of  withstanding  without  decom¬ 
posing  all  the  temperatures  that  the 
tube  has  to  undergo  to  insure  a  long 
life.  These  temperatures  reach  as 
high  as  500“C.  in  vacuum  and 
560®C.  in  air,  to  secure  an  optimum 
outgassing  and  annealing  of  the 
glass.  The  two  commonly  used 
methods  of  application  to  the  walls  eficUncy  of  MIomUo 

of  a  tube  are.  first,  spraying  with  a  „  , 


Zinc  Sulfide 

Zinc  sulfides,  while  very  popular 
with  cathode-ray  tube  makers  in 
Europe,  have  only  lately  reached 
any  noticeable  prominence  in  the 
U.S.A.  The  activator  in  case  of 
zinc  sulfides  is  almost  invariably 
copper  and  its  quantity  is  so  minute 
that  preparation  of  these  sulfides 
usually  begins  with  purification  of 
a  salt  of  zinc  to  remove  the  excess 
of  copper  and  other  heavy  metals. 
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After  purification  the  sulfide  is 
mixed  with  fluxes  and  fused  in  a 
neutral  atmosphere  to  prevent  oxi¬ 
dation.  The  resultant  crystalline 
preparation  is  ground,  sieved  and  ap¬ 
plied  to  the  inside  surface  of  the 
glass  bulb.  The  glass  surface  is  first 
coated  with  either  sodium  or  potas¬ 
sium  silicate  to  make  it  adhesive 
and  the  phosphor  is  blown  on  the 
surface.  The  excess  powder  then  is 
shaken  off.  The  processing  of  tubes 
having  zinc  sulfide  screens  is  some¬ 
what  more  complicated  than  of  those 
having  willemite  screens.  This  is 
due  to  danger  of  oxidation  of  the  sul¬ 
fide  when  baked  in  air.  450°C. 
seems  to  be  the  maximum  baking 
temperature  for  zinc  sulfide  screens. 

The  predominant  color  of  lumin¬ 
escence  of  zinc  sulphide  is  blue.  By 
varying  the  ingredients  of  this 


In  1903  Lenard*  formulated  a  re¬ 
lation  which  later  became  known  as 
Lenard’s  equation  for  light  output 
from  luminescent  materials  under 
electron  bombardment.  It  is  of  the 
form: 

CP  =  Al  (V—Vo) 

where  CP  is  the  total  candlepower 
output,  A  is  a  constant  characteristic 
of  the  phosphor,  I  is  the  bombard¬ 
ing  beam  current,  V  is  the  total 
potential  through  which  the  elec¬ 
trons  have  fallen  and  Vo  is  a  certain 
constant  value  of  potential  also 
characteristic  of  the  phosphor  and 
which  is  often  called  “dead  voltage”. 
Observ’ations  on  a  large  quantity 
of  television  cathode  ray  tubes  with 
willemite  screens  and  several  experi¬ 
ments  especially  made  for  determin¬ 
ation  of  light  output  of  willemite 


tors:  first,  the  velocity  of  the  elec¬ 
trons  in  the  beam;  second,  the  sec¬ 
ondary  emission  characteristics  of 
the  luminescent  material  (phosphor) 
itself;  third,  the  secondary  emission 
characteristics  and  the  potential  of 
the  base  on  which  the  phosphor  is 
deposited;  fourth,  the  conductivity 
of  the  phosphor,  and  fifth,  the  elec¬ 
tron  beam  current. 

The  results  of  experiments  per¬ 
formed  on  tubes  scanned  by  beams 
of  2,000 — 20,000  volts  are: 

(1)  Surface  potential  of  dielectrics 
such  as  pyrex  glass  and  willemite 
under  mentioned  conditions  of 
bombardment  follows  very  closely 
the  potential  equivalent  to  the 
electron  velocity. 

(2)  Pyrex  glass  by  itself  acquires  a 
potential  by  five  to  fifteen  volts 
below  that  of  the  beam  under  the 
same  bombardment. 


phosphor  it  is  possible  to  obtain 
screens  having  almost  white  lumin¬ 
escence  with  very  small  traces  of 
either  pink  or  blue  color.* 

The  efficiency  and  persistence 
characteristics  of  sulfide  phosphors 
vary  just  as  much  as  their  spectral 
characteristics.  For  television  pur¬ 
poses,  however,  there  are  available 
a  number  of  very  satisfactory  sul¬ 
fide  phosphors.  In  general  it  may 
be  said  that  screen  efficiency  of  good 
zinc  sulfide  is  very  little  different 
from  that  of  willemite ;  usually  some¬ 
what  lower  than  the  latter  at  low 
current  densities  and  higher  at  high 
current  densities.  In  other  words 
it  can  be  said  that  willemite  shows 
signs  of  saturation  at  lower  current 
densities  than  zinc  sulfide. 

‘See  Levy  &  West,  Journal  I.E.E.,  79,  11, 
July  1936,  for  description  of  white  zinc 
cadmium  sulflde.  Unfortunately  these  writ¬ 
ers  worked  with  poor  willemite  samples  and 
the  performance  values  they  give  forwUlemite 
4  to  5  times  lower  than  those  obtaineil 
Jlth  rejnilar  synthetic  willemltes  made  in 
U.  S.  A. 


screens  as  a  function  of  electron 
beam  current  and  voltage,  have  led 
to  the  conclusion  that  Lenard’s  equa¬ 
tion  holds*  for  willemite  screens  in 
television  cathode  ray  tubes  under 
normal  operating  conditions.  The 
only  stipulation  needed  is  that  the 
current  density  of  the  luminous 
scanning  spot  w'ould  be  kept  con¬ 
stant. 

In  general,  the  behavior  of  a 
luminescent  screen  in  a  tube  is 
determined  by  the  following  fac- 


»  P.  Lcnard,  Ann.  d.  Physlk,  12.  462  (1903). 

•  Recently  announced  and  published  experi¬ 
ments  of  Nottingham  (Phya.  Rev.,  51,  591 
(April  1,  1937)  and  51.  1008  (June  1937), 
led  him  to  believe  that  the  term  in  the  paren¬ 
thesis  of  the  Lenard  equation  should  he 
squared  to  give  the  true  dependence.  He 
found  a  large  potential  difference  between  the 
wiliemite  screen  and  the  second  anode,  and 
after  substituting  for  the  electron  accelerating 
voltage  the  voltage  difference  between  the 
wiliemite  screen  and  cathode  which  he  experi¬ 
mentally  determined,  he  arrived  at  the  men¬ 
tion^  conclusion.  Assuming  that  Notting¬ 
ham's  measurements  be  free  from  error  in 
method,  his  conclusions  do  not  seem  to  apply 
to  the  case  of  willemite  screens  in  television 
cathode  ray  tubes  operating  under  normal 
operating  conditions. 


(3)  Potential  of  thin  (of  the  order 
of  one  milligram  per  square  cm) 
willemite  screen  under  bombard¬ 
ment  depends  upon  the  base  on 
which  it  is  deposited.  Willemite 
on  a  metal  base  departs  farther 
away  from  the  beam  potential 
than  willemite  on  glass. 

(4)  The  current  density  of  the  scan¬ 
ning  spot  appears  to  be  the  fac¬ 
tor  of  largest  importance  in  de¬ 
termining  the  potential  of  the 
willemite  screen  in  each  particu¬ 
lar  case. 

(5)  The  transverse  conductivity  of 
thin  willemite  screen  under  elec¬ 
tron  bombardment  is  ample  for 
maintenance  of  both  sides  of  the 
screen  at  approximately  equal 
potentials. 

(6)  The  light  output  is  a  linear  func¬ 
tion  of  beam  voltage  with  beam 
current  density  kept  constant,  as 
was  formulated  by  Lenard  in 
1903. 

Contrast  of  the  Reproduced  Picture 

In  general,  vision  ie  caused  by  two 

factors:  a  difference  in  color  and  a 
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difference  in  brightness  of  objects. 
In  television  reproduction,  however, 
there  is  no  difference  in  color,  so 
the  difference  in  brightness  is  the 
only  factor  which  makes  television 
reception  possible.  Brightness  con¬ 
trast  or  simply  contrast  is  the  term 
used  to  designate  the  difference  in 
brightness.  Contrast  is  usually 
given  as  a  number  resulting  from 
division  of  brightness  of  the  brighter 
object  by  the  brightness  of  the 
darker  object  and  is  a  plain  numeric. 
Illuminating  engineers  say  that  two 
adjacent  surfaces  of  the  same  color 
will  appear  as  one  if  the  difference 
in  their  brightness  is  less  than  one 
per  cent. 

The  maximum  degree  of  contrast 
of  received  picture  obtainable  with 
a  given  television  system  depends 
mostly  on  the  type  of  tube  used. 
This  of  course  holds  true  only 
when  the  video  signal  strength  is 
sufficient  and  the  receiving  system 
is  capable  of  providing  sufficient  am¬ 
plification.  Room  illumination  of 
course  also  affects  the  contrast. 

Several  factors  limit  the  maximum 
contrast  obtainable  in  television  re¬ 
production.  The  importance  of  the 
individual  factors  varies  with  differ¬ 
ent  types  of  tubes.  In  approximate 
order  of  their  importance,  these  fac¬ 
tors  are  as  follows: 

(a)  Curvature  of  the  luminescent 
screen.  Referring  to  Fig.  4  showing 
a  cross-section  of  a  conventional 
tube,  if  a  point  “a”  corresponds  to 
a  dark  portion  of  a  generally  bright 
picture,  then  points  “b”  and  “c” 
will  directly  illuminate  point  “a”. 
The  degree  of  this  illumination  is 
directly  dependent  on  the  curvature 
of  the  screen  and  the  brightness  of 
the  rest  of  the  picture.  Naturally 
the  contrast  will  be  the  best  for  a 
bright  spot  on  a  black  field  and  the 
poorest  for  a  dark  spot  on  a  bright 
field. 

(b)  Halation.  If  a  point  “a”  on 
Fig.  5  is  brightly  illuminated,  the 
rays  from  it  will  go  through  the 
clear  glass  wall  of  the  tube.  They 
will  be  refracted  according  to  the 
well-known  laws  of  optics.  The  re¬ 
fraction  will  take  place  for  all  rays 
falling  on  the  glass-air  boundary  at 
angles  ranging  from  normal  to  that 
surface  up  to  the  so-called  critical 
angle.  For  the  critical  angle  and 
angles  smaller  than  that,  total  re¬ 
flection  will  take  place.- 

Total  reflection  takes  place  when 


a  ray  of  light  passes  from  a  medium 
of  index  of  refraction  ni  into  a  me¬ 
dium  of  index  of  refraction  /u.*,  pro¬ 
vided  that  Hi  is  larger  than  h* 
the  sine  of  the  angle  of  incidence 
i  is  equal  or  larger  than 

In  the  example  in  Fig.  4  total  re¬ 
flection  will  take  place  when: 

sin  i  ^  ju.*//!.!  ^  .666 . (1) 

or  for  an  angle  of  incidence: 

ic  ^42°  approx. 

Considering  that  N  lumens  of  light 
are  emitted  by  an  elementary  area 
of  a  perfectly  diffusing  surface  of 
willemite  on  glass,  the  index  of  re¬ 
fraction  of  which  is  equal  to  1.5,  the 


Fig.  6 — Photograph  of  halation 
effect 


number  of  lumens  7,  that  go  through 
glass  is: 

/tf=2x  /'0  =  9o* 

de  /  cos  </>  sin  </>  (4 
tf=0  J  0  =  98° 

=  .448  X  N  lumens . (2) 

The  number  of  lumens  U  reflected 
back  into  the  glass  is: 

/tf=2,  /^0  =  9O'’ 

dd  I  cos  sin  <t>  dd> 

e=o  J  0=0 

=  .552  tN  lumens . (3) 

in  equations  (2)  and  (3)  d  and  <f>  are 
the  usual  angle  variables  of  a  spher¬ 
ical  system  of  coordinates.  The  fact 
that  55  per  cent  of  the  light  emitted 
is  thrown  back  at  the  willemite 
screen  does  not  mean  that  all  of  it 
will  be  contributing  to  a  loss  of  con¬ 
trast.  Willemite  is  a  glass-like  sub¬ 
stance  with  an  index  of  refraction  of 
around  1.7.  Therefore,  wherever 
willemite  is  in  optical  contact  with 
the  glass,  the  totally  reflected  ray 
will  emerge  from  glass  and  illumin¬ 
ate  the  willemite  screen.  Naturally 
not  all  the  area  of  glass  is  in  op¬ 


tical  contact  with  willemite  and  in 
the  areas  between  the  crystals  of 
willemite  the  light  will  be  totally  re¬ 
flected  again  and  will  propagate  in¬ 
side  of  the  glass  away  from  the 
illuminated  point  “a”,  without  im¬ 
pairing  the  contrast.  The  totally 
reflected  rays  will  not  reach  the  lu¬ 
minescent  screen  in  the  immediate 
vicinity  of  the  original  point  “a”. 
The  nearest  place  to  the  point  “a” 
where  these  rays  will  fall  upon 
willemite  is  along  the  circumfer¬ 
ence  of  a  circle  of  radius  r  deter¬ 
mined  by  the  relation: 

r  =  2h  tan  ic . (4) 

where  h  is  the  thickness  of  the 
glass  and  to  is  the  critical  angle  of 
the  combination.  For  most  glasses 
used  in  tubes,  p.  is  around  1.5  and 
to  =  tan  42°  =  0.9.  For  most  of  the 
practical  cases  therefore  an  approxi¬ 
mate  relation  will  hold: 

r=  l.Sh  . (5) 

The  halation  circle  is  the  brightest 
at  the  ra'dius  given  by  Eq.  (6),  is 
dark  inside  and  is  gradually  dimin¬ 
ishing  in  intensity  at  larger  values 
of  the  radius. 

The  effects  of  the  halation  on  the 
reproduced  picture  are:  first,  it  re¬ 
duces  the  general  contrast  of  the 
picture  by  scattering  light  over  the 
whole  surface  of  it  and,  second, 
every  bright  object  of  the  repro¬ 
duced  picture  appears  surrounded 
by  a  bright  line  at  a  distance  r.  In 
Fig.  6  is  shown  a  photograph  of  a 
bright  line  surrounded  by  halation 
as  reproduced  on  the  end  of  a  con¬ 
ventional  ter  tube. 

Equations  (4)  and  (5)  hold  ac¬ 
curately  for  flat  glass.  For  glass 
with  a  certain  curvature,  such  as  in 
conventional  tubes,  the  value  of  r  is 
somewhat  larger  depending  on  the 
degree  of  curvature.  The  fact  it¬ 
self  that  55  per  cent  of  the  light 
emitted  is  lost  should  not  be  over¬ 
estimated  in  importance  because  it 
cannot  be  used  anyhow,  since  an  ob¬ 
servation  of  a  picture  from  an  angle 
of  45°  and  more  away  from  normal 
is  inconvenient. 

(c)  Stray  Electrons.  Stray  elec¬ 
trons  striking  a  luminescent  screen 
with  sufficient  velocity  will  cause  a 
loss  of  contrast.  The  sources  of 
stray  electrons  are  as  follows:  first, 
cold  emission  from  the  electron  gun ; 
second,  secondary  emission  from  the 

^Continued  on  page  85) 
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parficTe 


Cleaning  Air  I 

With  High  Voltage 


New  Westinghouse  installation  at 
the  Field  Building,  Chicago,  treats 
272,000  cubic  feet  per  minute,  us¬ 
ing  18  rectifier  supply  units  to 
ionize  air  and  collect  particles 


Upp«r  right  a  TarticaUflow  unit  through 
which  air  is  possod  for  cloaning.  Ths 
high  Toltogo  powsr  supply  foods  an 
adiaconi  unit 


Right  a  cloaning  soction.  Tho  rods, 
with  lino  wiros  botwoon  (soo  diagram 
bolow),  oro  chorgod  to  12,000  Tolts. 
and  lonlzo  tho  air.  which  thon  patsos 
botwoon  pcnallol  platos  (at  roar) 
chorgod  to  5000  Tolts.  Tho  fiold  bo¬ 
twoon  tho  "colloctor  coll"  platos  urgos 
tho  chorgod  dust  particlos  to  tho  posi- 
tiTO  platos.  whoro  thoy  adhoro 

Lowor  right  tho  cloan  air  comos  out 
horo.  A  colloctor  coll  assombly  soon 
through  an  inspoction  door 

Bolow.  tho  prlnciplo  of  tho  cloanor: 
12,000  Tolts  appliod  botwoon  a  lino 
wiro  and  tho  noorby  rods,  cousos  an 
intonso  oloctric  fiold  at  tho  wiro.  ionis¬ 
ing  tho  air  os  it  flows  past  Tho  dust 
particlos  pick  up  tho  oloctrons  (rood  by 
tho  ionisotion  and  so  bocomo  chorgod 
nogadToly.  Subsoquontlr  tho  particlos 
aro  colloctod  by  tho  positiToly-chargod 
platos,  taking  tho  path  shown.  Tho 
▼oltagos  usod  oro  lowor  than  in  tho 
Cottroll  procoss.  and  honco  do  not  pro- 
duco  disagrooablo  osono  products.  Tho 
installation  will  romoTO  99  por  cont  by 
woighi  of  all  particlos.  a  total  of  600 
bushols  of  dust  por  yoar 
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By  MANFRED  VON  ARDENNE 


Center  of  gravity 


Fig.  1  The  frequency  spectrum  of  the  snw-tooth  oscillations  tnlh  various 
retrace  times.  Fig.  2  (right)  Distortion  of  saw-tooth  oscillation  with  zero 
retrace  time  with  all  harmonics  above  the  tenth  eliminated 


and  Ak  is  the  amplitude  of  the 
Kipp  oscillation.  The  alternation 
in  siprn  of  the  successive  harmonic 
amplitudes  An,  is  due  to  the  selec¬ 
tion  of  the  zero  axis  at  the  center 
of  the  ascending  portion  of  the 
curve.  The  amplitudes  of  the  har¬ 
monics  decrease  in  inverse  propor¬ 
tion  to  the  order  of  harmonic  n. 
The  frequency  spectrum  up  to  the 
20th  harmonic  of  such  a  curve  is 
shown  in  Fig.  1.  By  properly 


The  deflection  of  electron  beams 
with  electrostatic  or  electro¬ 
magnetic  saw-tooth  oscillations  has 
attained  widespread  importance  both 
in  cathode-ray  television  and  cath¬ 
ode-ray  oscillography.  In  both 
these  applications,  the  ratio  of  re¬ 
trace  time  to  the  total  period  and 
the  degree  of  distortion  are  of 
highest  importance. 

To  determine  optimum  design  of 
circuits,  for  example  Kipp*  trans¬ 
former  and  amplifying  stages,  the 
usual  method  of  calculation  with 
complex  numbers  must  be  employed. 
By  means  of  a  Fourier  analysis, 
the  Kipp  curve  can  be  resolved  into 
a  series  of  sinusoidal  harmonics 
and  therefore  permits  the  applica¬ 
tion  of  the  usual  a-c  theory,  which 
is  based  on  sinusoidal  current  and 
voltage  waves. 

The  Frequency  Spectrum  of  Kipp 
Oscillations 


the  curve,  •  a  Fourier  analysis 
shows  that  Jthe  curve  can  be  re¬ 
placed  by  an  infinite  sum  of  sinu¬ 
soidal  harmonics 


An.sin-nuit 


where  An*=^  ( — 1) 


For  an  assumed  Kipp  oscillation 
with  an  exactly  linear  increase  and 
zero  retrace  time  (T*  =  0),  which 
is  equivalent  to  a  discontinuity  in 


*  Note :  Since  there  is  no  concise  English 
equiTalent  of  the  German  “Kipp-Transform- 
aforen-Stufen”  and  “Kipp-schwingungen  ver- 
starkerstufen”,  the  nearest  being  “rdazation 
oscillation  transformer  stage”,  "relaxation 
oscillation  amplifying  stage”,  it  is  much 
more  convenient  to  retain  the  German  word 
“Kipp”  from  kippen,  to  “tip”,  “tilt”,  “tip 
over“  etc. 


Fig.  3  Synthesis  of  sawtooth  oscillation  from  sinusoidal  harmonics  with 
elimination  of  all  frequencies  whose  period  is  smaller  than  the  retrace  time 
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of  Saw-Tooth  Wave  Forms 


Amplitude  distribution  of  frequency  spectrum  of  saw-tooth  wave  forms  with  various  retrace 
times  is  given;  effect  of  eliminating  higher  order  harmonics  investigated.  Effect  of  phase 
shifts  of  fundamental  frequency  considered. 


choosing  the  origin  the  signs  of 
all  the  harmonics  can  be  made  pos¬ 
itive. 

If  a  Kipp  oscillation  with  a  finite 
retrace  time  (T*  =  pT)  is  an¬ 
alysed,  it  is  found  that  the  ampli¬ 
tudes  of  the  successive  harmonics 
decrease  faster  than  in  the  above 
case.  Two  examples  are  shown  in 
the  center  and  bottom  curves  of 
Fig.  1.  These  harmonic  ampli¬ 
tudes  may  be  calculated  by  the 
formula 


An  = 


100  np- 

loo 

origin  as  in  the 


(2) 


nr.-  p 
using  the  same 
p  =  0  case.  This  equation  shows 
that  the  amplitudes  of  the  succes¬ 
sive  harmonics  periodically  vanish, 
and  leads  to  the  important  prin¬ 
ciple  that  the  first  vanishing  har¬ 
monic  occurs  for  the  order  of  har¬ 
monic  100/p,  where  p  is  expressed 
in  per  cent. 

The  appearance  of  a  Kipp  os¬ 
cillation  with  zero  retrace  time  in 


which  all  harmonics  above  the  10th 
have  been  eliminated  is  shown  in 
Fig.  2.  The  distortion  factor, 
according  to  the  definition  given  be¬ 
low,  attains  extraordinarily  high 
values  in  this  case,  because  of  the 
poor  approximation  in  the  region 
of  the  discontinuity. 


Fig.  5  Distortion  introduced  by 
phase-shift  and  amplitude  change  of 
fundamental 


A  closer  examination  of  the  gen¬ 
eralized  case  with  a  finite  retrace 
time  shows  that  a  Kipp  curve 
with  small  distortion  can  only  be 
expected  if  the  series  is  not  cut  off 
below  the  first  vanishing  harmonic. 

The  effect  of  the  rapid  converg¬ 
ence  of  the  Fourier  series  with 
finite  retrace  time  T*,  is  made  clear 
in  the  synthesis  of  a  Kipp  oscilla¬ 
tion,  which  is  carried  out  in  Fig. 
3.  Here  the  retrace  time  is  taken 
as  10%  and  the  series,  as  in  Fig. 
2,  is  cut  off  above  the  10th  har¬ 
monic.  One  sees  that  those  terms 
following  the  first  vanishing  har¬ 
monic  which  have  been  eliminated 
can  always  be  neglected,  at  least  for 
retrace  times  under  10%;  for  their 
elimination  results  only  in  a  round¬ 
ing-off  of  the  peak  of  the  curve, 
which  causes  only  a  slight  decrease 
in  the  true  amplitude  and  a  slight 
increase  in  the  true  retrace  time, 
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The  above  considerations  lead  to 
two  methods  of  procedure;  (1)  the 
retrace  time  of  the  impressed  Kipp 
curve  may  be  so  chosen  that  in  the 
circuit  under  consideration  only  the 
harmonics  above  the  first  vanishing 
point  are  cut  off,  and  (2)  by  suit¬ 
able  design  the  retraced  time  of 
the  impressed  Kipp  oscillations  may 
be  made  very  short  and  an  ampli¬ 
tude  decrease  according  to  equation 
(2)  obtained  through  the  frequency- 
attenuation  characteristic  of  the 
succeeding  circuit  elements.  In 


*  ratio  of  maximum  to  minimum 
y>nln writing  -SIX ed 


of  the  picture  contents.  In  the 
example  of  Fig.  4  the  highest  per¬ 
missible  percentage  increment  along 
the  charging  curve  amounts  to 
7-9%,  depending  on  the  operating 
point.  This  example  may  suffice  to 
make  clear  the  defects  of  Kipp  oscil¬ 
lation  production. 

Any  distortion  which  is  intro¬ 
duced  by  tubes  employed  in  coupling 
the  Kipp  generator  to  its  output 
circuit  is  here  neglected.  By  the 
choice  of  adequate  tubes  as  well  as 
by  the  well-known  straightening  of 
characteristics  with  high  anode  re¬ 
sistances,  Ra>>Ri,  distortions  of 
this  type  can  be  excluded.  With 
suitable  design,  the  distortions  in¬ 
troduced  by  the  tubes  can  even  be 


large  deformations  of  the  Kipp 
curv’e. 

In  Fig.  5  curve  I  shows  an  un¬ 
distorted  Kipp  curve  with  a  retrace 
time  of  5%.  Curve  II  gives  the 
deformation  which  occurs  with  a 
9°  phase-shift  of  the  fundamental; 
this  shift  produces  a  distortion  fac¬ 
tor  of  2.  Curve  III  shows  the  dis¬ 
tortion  with  a  fundamental  ampli¬ 
tude  decrease  of  10%.  The  distor¬ 
tion  due  to  amplitude  attenuation 
has  only  slight  practical  signifi¬ 
cance,  because  such  attenuation  is 
always  accompanied  by  a  phase- 
shift  and  as  shown  below,  the  in¬ 
fluence  of  the  phase-shift  always 
predominates. 

The  effect  of  fundamental  phase- 


Fig.  6  Distortion  factor  as  a  func¬ 
tion  of  fundamental  phase  shift 


most  cases  the  frequency-attenua¬ 
tion  characteristics  of  the  RC  or  4 

n 

members  will  suffice  to  cause  an 
amplitude  decrease  which  will  more 
or  less  accomplish  this  result. 

The  Distortion  Factor  of  Kipp 
Oscillations 

In  cathode-ray  television,  any  dis¬ 
tortion  of  the  impressed  Kipp  or 
scanning  curve  produces  two  defects 
in  the  image,  namely  shape  and 
brightness  distortion.  It  is  exped¬ 
ient  to  define  the  distortion  factor 
as  the  ratio  of  the  maximum  to 
the  minimum  “writing-speed”  alcmg 
the  ascending  portion  of  the  Kipp 
curve.  This  definition  is  useful,  be¬ 
cause  it'  yields  directly  the  propor¬ 
tions  of  the  image  scales. 

The  production  of  distortionless 
Kipp  oscillations  even  in  the  Kipp 
generators  themselves  is  attended 
with  difficulties.  Non-linearity  of 
current  or  voltage  curves  produces 
curved  ascents  in  the  Kipp  curve. 
An  especially  important  case  in  the 
production  of  Kipp  voltages  is  made 
clear  in  Fig.  4.  Experience  with 
television  images  produced  with 
scanning  waves  has  shown  that  a 
distortion  factor  greater  than  1.10 
introduces  objectionable  distortion 
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Fig.  7  Phase  and  amplitude  shift  of  highly  damped  resonant  systems 


utilized  to  cancel  some  of  the  dis¬ 
tortion  produced  by  the  generator. 
In  this  connection,  it  should  suffice 
to  consider  briefly  distortions  in 
linear  circuit  elements  which  are 
caused  by  frequency-attenuation  or 
non-linear  phase  shift.  Special  at¬ 
tention  will  be  given  to  the  very 
important  practical  case  where  the 
fundamental  experiences  a  change 
in  phase  or  amplitude  with  respect 
to  the  remaining  harmonics.  This 
case  deserves  special  consideration 
because,  due  to  its  great  amplitude, 
phase-shift  or  amplitude  attenuation 
of  the  fundamental  causes  especially 


shift  on  the  distortion  factor  is 
shown  by  the  curve  and  formula  of 
Fig.  6.  Since  the  distortion  factor 
in  television  must  not  exceed  1.1, 
this  phase-shift  in  the  circuit  ele¬ 
ments  coupling  the  Kipp  generator 
to  its  output  circuit  must  not  ex¬ 
ceed  1.4°. 

It  is  well-known  that  most  inter¬ 
stage  circuits  can  be  replaced  by  an 
equivalent  circuit  of  a  highly 
damped  oscillatory  circuit.  Multi¬ 
stage  circuits  require  only  that  each 
of  the  stages  be  similar.  The  cal¬ 
culation  of  the  values  involved  in 

(Continued  on  page  84) 
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w  HEN  the  laboratory  man  asks 
for  bigger  and  better  galvanometer 
deflections,  something  has  to  be 
done  about  it.  And  in  this  case, 
there  was  no  departure  from  the 
usual  story,  “the  budget  just  won’t 
stretch  far  enough  to  allow  the  pur¬ 
chase  of  an  extremely  high-sensi¬ 
tivity  galvanometer’’.  Naturally, 
this  made  us  look  for  an  electronic 
gadget,  because  of  the  "currentless’’ 
minute  voltage  to  be  measured.  The 
end  of  our  rainbow  proved  to  be  such 
a  simple,  efficient  “one  bulb’’  circuit, 
that  we  are  moved  to  describe  it 
here.  We  hope  it  will  prove  as  prac¬ 
tical  in  other  uses  as  it  was  in  this 
particular  application. 

The  need  for  this  circuit  arose  in 
the  midst  of  a  chemical  research 
program.  Certain  pH  measurements 
had  to  be  made  with  such  accuracy 
that  the  colorimetric  method  could 
not  be  considered.  Attempts  to  de¬ 
termine  the  hydrogen  ion  concentra¬ 
tion  by  measuring  the  potential  dif¬ 
ference  in  the  solution  by  means  of 
the  hydrogen  electrode  and  potentio¬ 
meter  were  unsuccessful.  Results 
varied.  The  error  was  traced  to  pro¬ 
teins  in  the  solution  which  poisoned 
the  platinum  electrode.  On  the  other 
hand  a  quinhydrone  electrode  re¬ 
quired  a  chemical  addition  to  the 
solution  which  was  objectionable. 
The  only  counter  attack  was  to  use 
a  glass  electrode,  increasing  the  re- 


The  v-t  galvan¬ 
ometer  for  measur¬ 
ing  voltages  in  high 
resistance  circuits 


sistance  of  the  circuit  tremendously 
— in  fact,  to  a  point  where  the 
available  instruments  were  no  longer 
sensitive.  That  was  when  the  cry 
went  up  for  a  better  mouse  trap. 

A  review  of  the  literature  re¬ 
vealed  that  many  excellent  electronic 
circuits  had  been  developed  for  this 
purpose.  The  earlier  circuits  were 
the  most  appealing  because  of  their 
fundamental  simplicity.  But  some¬ 
how  or  other  most  of  them  had  later 
been  improved  upon.  Like  the 
Jukeses  and  the  Joneses,  they  seemed 
to  have  become  more  and  more  in¬ 
volved  as  the  years  rolled  by.  The 
study  was  interesting — but  fearful. 
It  did  not  lead  to  any  decisive  an¬ 
swer. 

With  the  well  conceived  hope  of 
settling  the  matter,  a  trip  was  made 


to  the  Applications  Engineering  De¬ 
partment  of  RCA  Radiotron  Com¬ 
pany  at  Harrison,  N.  J.  There,  after 
listening  to  our  problem,  Mr.  F.  H. 
Shepard  sketched  out  one  of  his 
circuits  and  it  more  than  met  every 
requirement.  As  may  be  gathered 
from  the  diagram  in  Fig.  1,  its  sim¬ 
plicity  permits  compactness  and  va¬ 
riety  of  construction  design;  par¬ 
ticularly  so,  with  the  new  portable 
batteries  now  available.  It  also 
means  relatively  low  cost  even 
though  the  best  materials  are  used. 
A  glance  at  the  photograph  of  the 
chassis  will  bear  this  out. 

The  circuit  functions  as  follows: 
With  the  switch  Si  in  position  p,  the 
grid  charges  itself  and  condenser 
Cl  to  the  floating  grid  potential  of 
the  particular  tube  being  used.  This 
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Fig.  1 — Circuit  diagram  of  the  pH  meter.  Fig.  2 — (Right)  Grid  current  characteristics  of  vacuum  tube 


potential  is  fixed  by  the  point'  at 
which  the  grid  current  is  zero.  (See 
Fig.  2,  which  shows  the  well  known 
curve  representing  the  grid  current- 
grid  voltage  characteristic  of  a  ther¬ 
mionic  vacuum  tube).  It  should  be 
noted  that,  the  time  required  to  ar¬ 
rive  at  this  stabilization  potential  is 
of  the  order  of  several  seconds,  this 
relatively  long  time  constant  result¬ 
ing  from  the  fact  that  the  high  grid 
resistance  is  in  series  with  Ci.  Con¬ 
sequently,  any  small  but  momentary 
changes  in  the  potential  of  point  pt 
will  result  in  like  changes  in  the  po¬ 
tential  of  the  grid  (point  Pi).  Now 
then,  if  point  Pi  is  at  some  potential 
other  than  that  of  p„  as  we  throw 
the  switch  back  and  forth  the  point 
Pa  will  vary  between  the  two  poten¬ 
tials;  the  grid  potential  will  vary; 
and  the  plate  current  will  be  varied. 
Since  .any  plate  current  variation 
results  in  a  change  of  voltage  across 
the  plate  load  resistor  Rj,  and  since 
this  sets  up  a  charging  current  thru 
the  galvanometer  into  the  output 
condenser  Ct,  then  it  follows  that  as 
switch  Si  is  thrown  back  and  forth, 
the  charging  current  will  surge  back 
and  forth  thru  the  galvanometer, 
into  and  out  of  condenser 

In  other  words,  without  consider¬ 
ing  the  function  of  switch  Sa  or  con¬ 
denser  Ct  at  this  time,  it  will  be 
seen  that  the  circuit  is  a  voltage  dif¬ 
ference  indicator.  Any  difference  in 
potential  between  pi  and  p,  will  cause 


the  galvanometer  to  defiect  to  right 
and  left  of  zero  successively  as 
switch  Si  is  oscillated.  As  Pi  and  pa 
terminate  the  circuit  of  the  glass 
electrode  and  potentiometer,  there 
will  be  galvanometer  deflections  un¬ 
less  the  potentiometer  is  balanced 
so  that  its  e.m.f.  exactly  opposes 
the  e.m.f.  of  the  cell  containing  the 
solution  to  be  measured.  Therefore 
operation  of  the  device  only  re¬ 
quires  that  one  hand  throw  switch 
Si  back  and  forth  slowly  (about  one 
cycle  per  second),  while  the  other 
hand  turns  the  potentiometer  con¬ 
trol  until  the  galvanometer  no  longer 
deflects.  A  balance  being  obtained, 
the  e.m.f.  may  be  read  on  the  poten¬ 
tiometer.  The  pH  is  determined  by 
consulting  the  e.m.f.-pH  reference 
table  for  the  particular  glass  elec¬ 
trode  being  used.  In  this  case  a 
Leeds  &  Northrup  glass  electrode 
having  a  resistance  of  about  five 
megohms,  was  used  in  conjunction 
with  a  L  &  N  Student  Type  poten¬ 
tiometer. 

So  much  for  the  mechanical  opera¬ 
tion  and  theory  of  the  circuit.  In 
practice,  however,  there  are  always 
kinks.  For  instance,  throwing  the 
switch  may  generate  contact  poten¬ 
tial  or  grid  pick-up,  causing  wide 
galvanometer  deflections  even  though 
the  electrode  circuit  is  balanced.  The 
condenser  C.  takes  care  of  this.  In 
the  assembly  shown  in  the  photo¬ 
graph,  its  capacity  was  rather  cri¬ 


tical  at  0.02 /if.  Capacities  of  0.01 
or  less  were  ineffective;  and  above 
0.02  the  sensitivity  was  impaired. 
But  in  the  perfect  assembly  C,  is 
unnece.ssary. 

Another  practical  matter  is  the 
direction  of  galvanometer  deflec¬ 
tions.  In  the  operation  of  a  device 
of  this  sort  it  is  nice  to  know 
whether  your  potentiometer  is  above 
or  below  the  balance  voltage.  This 
end  is  obtained  by  switch  S,  which 
operates  in  synchronism  with  Si.  At 
each  throw  St  reverses  the  gal¬ 
vanometer  connections  so  that  the 
current  through  the  galvanometer  is 
unidirectional  for  a  given  potential 
direction  between  p,  and  A  re¬ 
versal  of  potential  between  Pi  and 
Pa  will  cause  the  galvanometer  to 
deflect  in  the  opposite  direction, 
thus  indicating  the  potentiometer 
adjustment. 

While  galvanometer  deflection  may 
be  calibrated  and  read  directly  as 
e.m.f.,  there  is  likelihood  of  an  ob¬ 
servational  error  due  to  the  difficulty 
of  reading  the  ballistic  throw.  How¬ 
ever,  great  accuracy  can  be  obtained 
when  the  device  is  used  as  a  null 
instrument.  Readings  can  be  re¬ 
peated  with  a  probable  error  of 
±.  0.3  mv.  Hydrogen-ion  concentra¬ 
tion  has  been  measured  to  ±  0.02 
pH.  But  its  ready  sensitivity  to  one 
millivolt,  suggests  that  this  simple 
circuit  may  find  other  useful  appli¬ 
cations  in  the  field  of  electronics. 
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Class  B  R-f  Amplifier  Chart 


A  method  of  ealeiilatinj'  power  oiit|Mit.  plate  effieieney,  r-f  plate  current,  and  d-c 
[date  <  iirrent  from  tube  eharaeteristies  and  operating  voltajies,  making  use  of  the  “perveance” 
of  tlie  amplifier  tube 


The  purpose  of  this  reference  sheet 
is  to  {five  a  simplified  graphical 
and  tabular  method  of  determining  the 
performance  of  Class  B  radio  fre¬ 
quency  amplifiers  having  a  parallel 
tuned  circuit  coupled  to  the  load.  In 
order  to  make  this  shwt  as  practical 
and  useful  as  possible  to  the  operating 
engineer,  the  underlying  theory  will  be 
omitted.  The  results  given  here  have 
been  based  on  the  analysis  given  in, 
“.4n  Analysis  of  Class  B  and  C  Am¬ 
plifiers”  by  B.  F.  Miller,  in  the  Pro- 
ceedingn  of  the  /.  R.  E.  for  May 
lOS.'i,  page  496  and  have  been  adapted 
to  Class  B  operation  by  W.  Van  B. 
Roberts  of  the  Radio  Corporation  of 
.America. 

Assume: 

Ef  is  the  quiescent  or  operating  plate 
voltage  (d.c.), 

Ec  =  Eg/tt’  is  the  grid  bias  voltage  for 
Class  B  operation. 

Eg  is  the  amplitude  of  the  grid  excita¬ 
tion  voltage  of  fundamental  fre¬ 
quency  corresponding  to  w, 

Ep=  (Eg  —  Et)  is  the  instantaneous 
value  of  the  plate  voltage, 

El  is  the  amplitude  of  the  voltage  of 
fundamental  frequency  appear¬ 
ing  across  the  tank  circuit  com¬ 
posed  of  L  and  C, 

K'  =  Ip/'Ep^*  is  the  perveance  of  the 
triode  and  is  determined  from 
the  static  tube  characteristics 
for  the  condition  that  Eg  =  Ei,= 
0;  Ip  is  measured  in  amperes 
and  Ep  in  volts, 

K  =  K'R 

R  is  the  resistance  of  the  parallel  res¬ 
onant  circuit  and  load  when 
tuned  to  the  grid  exciting  fre¬ 
quency  w/2ir, 

Ip  is  the  plate  current  flowing  in  the 
tube  output  circuit, 

T  =  0.457  K\'tiE,j, 

=  El/t^Eg, 

“  is  the  amplification  factor  of  the 
triode  and 

0  =  2x/  where  /  is  the  fundamental 
grid  excitation  voltage  fre¬ 
quency. 

The  oj>eration  of  the  amplifier  is  de¬ 
termined  through  the  use  of  the  align¬ 
ment  chart  and  the  circuit  factors  o 
and  P,  which  require  that  the  values 
of  K',  R,  M,  and  Eg  be  known  for  any 
given  set  of  conditions,  from  which  Et 
can  be  found.  The  value  of  M  for  the 
tube  in  use  can  be  determined  from 
measurements  or  from  the  manufac¬ 
turers’  data  sheets.  The  value  of  K' 


is  not  given  by  the  tube  manufacturers 
but  can  easily  be  determined  if  the 
static  tube  characteristics  are  avail¬ 
able.  Following  along  the  static  curve 
for  Ep  =  0,  the  plate  current  in  am¬ 
peres,  Ip,  is  observed  for  a  plate  volt¬ 
age,  Eg,  which  is  high  compared  with 
the  filament  voltage  but  not  sufficiently 
high  as  to  produce  saturation.  The 
value  of  E'  is  then  given  by, 

K'  =  Ip'E*/\ 

The  value  of  the  resonant  impedance 
of  the  tank  circuit,  R,  may  be  deter¬ 
mined  from  methods  given  in  such 
standard  engineering  textbooks  as 
Terman’s  “Radio  Engineering”  or  Ev- 
eritt’s  “Communication  Engineering”. 
The  grid  excitation  voltage.  Eg,  can  be 
measured  with  a  vacuum  tube  volt¬ 
meter  for  a  given  set  of  conditions  if 
necessary,  but  for  analyzing  the  opera¬ 
tion  of  Class  B  amplifiers,  it  is  usually 
desirable  to  let  Eg  take  definite  values 
which  may  be  arbitrarily  selected. 

Knowing  (or  assuming)  a  given  set 
of  values  for  K',  R,  /*,  Eg,  and  Eg,  we 
calculate 

<1  =  0.451  K'R  x'TE'g  =  0.451  K  \'jEg 

and  from  the  alignment  chart  deter¬ 
mine  the  value  of  P  corresponding  to 
this  value  of  a.  By  multiplying  P  by 
f«Eg  the  value  of  Et  is  determined. 
Knowing  Et,  the  operating  character¬ 
istics  of  the  amplifier  can  be  deter¬ 
mined  for  the  chosen  values  of  K',  R,  ju 
and  Eg.  Thus: 

Kt  —Pl^Eg, 

Ipg,  =  Ef/R  is  the  amplitude  of  the 
plate  current  of  fundamental 
frequency 

I p„  =  0.605Et/R  is  the  d-c  current  flow¬ 
ing  in  the  plate  circuit, 

P„  =  Et^/2R  is  the  power  output  of  the 
amplifier  and 

Pi=0.005EtEg/R  is  the  power  input 
to  the  plate  circuit. 

The  analysis  underlying  this  simpli¬ 
fied  method  of  calculation  is  based  on 
the  assumption  that  the  plate  current 
is  proportional  to  the  3/2  power  of  the 
plate  voltage,  which  is  a  good  approxi¬ 
mation  in  practice.  The  analysis  does 
not  take  into  account  the  flow  of  grid 
current  so  that  the  method  can  only 
be  used  for  those  values  of  excitation 
grid  voltages  for  which  t*Eg  is  less  than 
the  instantaneous  plate  voltage  given 
by  Ep  =  (Eg  —  Et), 
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re<fuSrements.  Available  in  five  sises  up  to  20  watts.  Write 
for  catalog  describing  these  unique  new  units.  Let  IRC  engi¬ 
neers  help  you  solvf  and  simplify  your  rMistance  problems. 
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NEW  BOOKS 


Radio  Engineering 

(Second  Edition) 

By  F.  E.  TERMAN.  McGraw-Hill 
Book  Co.  New  York.  (81S  pages, 
Price  $5.50). 

According  to  the  book  jacket  over 
three-fourths  of  the  text  of  Professor 
Terman’s  well  known  book  have  been 
completely  rewritten  for  this  new  edi¬ 
tion;  over  two-thirds  of  the  illustra¬ 
tions  are  new.  To  one  familiar  with 
the  first  edition  these  changes  are  ap¬ 
parent.  In  fact  it  is  a  new  book 
made  necessary  by  the  changes  in  the 
radio  art  and  changes  in  emphasis 
occurring  in  the  five-year  period  be¬ 
tween  editions. 

The  present  text  carries  the  analysis 
of  many  subjects  much  farther  than 
did  the  first  edition.  In  many  respects 
it  is  more  practical  without  losing  its 
value  as  a  text  for  students.  Diode 
detectors,  now  used  almost  exclusively 
in  radio  receivers,  are  well  handled  and 
the  important  practical  analysis  of  the 
effects  of  the  a-c,  d-c  ratio  has  not 
been  neglected.  Professor  Terman  is 
well  known  to  Electronics  readers 
through  the  papers  he  has  presented 
through  its  pages.  His  forte  is  the 
reduction  of  complicated  circuits  to 
simpler  equivalent  circuits  with  sim¬ 
plified  methods  of  analysis.  Several  of 
these  short  cuts  will  be  found  in  the 
new  book. 

The  entire  book  is  well  equipped  with 
bibliographies  and  other  references  to 
the  literature.  In  addition  to  purely 
radio  principles  there  is  material  on 
sound  systems;  and  a  chapter  on  mod¬ 
em  television  apparatus.  Other  sec¬ 
tions  on  antennas,  radio  aids  to  naviga¬ 
tion,  radio  receivers,  detection,  sources 
of  power,  etc.,  will  give  an  idea  of  the 
scope  covered. — K.  H. 

Fundamentals  of 
Engineering  Electronics 

By  WILLIAM  G.  DOW,  Assistant 

University  of .  Wisconsin.  John 

Wiley  and  Sons,  New  York,  N.  Y. 

(60ji-{-xiii  pages,  100  illustrations. 

Tables,  Appendices,  etc.  Price  $5.) 

The  first  impression  the  reader  gets 
from  this  remarkable  book  is  the  stu¬ 
pendous  amount  of  work  which  has 
manifestly  gone  into  its  preparation. 
It  is  the  first  book  with  the  word 
“Electronics”  in  its  title  which  goes 
deeply  into  the  subject,  and  it  contains 
information  gleaned  from  a  wealth  of 
sources.  The  collected  bibliography  at 
the  end  of  the  book  contains  52  books 
and  133  periodical  references,  which 
are  extensively  utilized  by  cross-refer¬ 
ences  in  every  portion  of  the  book. 
The  index  is  33  pages  long.  At  the 
end  of  each  chapter  is  a  list  of  prob¬ 
lems,  most  of  which  require  real  effort 
in  solution  (no  numerical  answers  are 
given,  however,  which  lessens  the  value 
of  the  problems  to  the  instructor-less 
student).  The  range  of  subject  mat¬ 


ter  is  greater  -by  two  or  three  times 
than  that  of  any  other  book  on  the 
subject  known  to  this  reviewer. 

The  book  is  distinctly  not  intended 
for  the  uninformed  reader.  It  as¬ 
sumes  a  considerable  knowledge  of  cal¬ 
culus  and  a  facility  in  mathematical 
thinking  which  few  people,  even  engi¬ 
neers,  possess.  The  book  “pulls  no 
punches”.  Finding  the  need  for  a 
knowledge  of  conformal  mapping  to 
explain  vacuum  tube  action,  the  author 
devotes  the  first  two  chapters  to  the 
theory  and  application  of  this  subject. 
In  his  preface.  Professor  Dow  refers  to 
this  stating  that  it  is  “perhaps  unfor¬ 
tunate  that  the  most  difficult  subjects 
fall  naturally  very  early  in  the  text.” 
This  “taking  the  bull  by  the  horns”  is 
typical  of  the  whole  work,  and  it  is  at 
once  of  great  value  to  the  advanced 
reader  who  wants  thoroughness  above 
all,  and  an  insurmountable  obstacle  to 
the  reader  who  merely  wants  a  prac¬ 
tical  understanding  of  the  ways  in 
which  electronics  is  applied  to  engi¬ 
neering.  For  this  reason  the  book 
seems  to  be  poorly  named;  it  is  rather 
the  Fundamentals  of  Electronic  Phys¬ 
ics,  with  examples  taken  mainly  from 
engineering  practice.  For  the  gradu¬ 
ate  student,  under  the  guidance  of  a 
good  teacher,  the  book  should  stand 
head  and  shoulders  above  other  pres¬ 
ent  books. 

There  is  practically  no  item  in 
electronics,  from  plasma  oscillations  to 
single-tube  inverters,  which  is  not  cov¬ 
ered  in  these  600  pages,  and  with  a 
degree  of  thoroughness  which  speaks 
well  of  Professor  Dow’s  ability  as  a 
teacher  and  as  an  interpreter  of  a  field 
not  yet  too-well-organized.  But  the 
book  is,  with  a  few  Chapters  excepted, 
what  college  students  call  “tough”.  It 
is  a  sign,  perhaps,  that  electronics  as 
a  science  is  coming  of  age. 

The  Chapter  list  is  as  follows: 

Introduction,  High  Vacuum  Therm¬ 
ionic  Triodes;  I  Potential  Distribution 
Diagrams;  II  The  Electrostatic  Field 
of  a  Triode;  III  Electron  Ballistics; 
IV  Cathode  Rays;  V  Space-charge 
Flow;  VI  Triodes,  Tetrodes,  Pentodes; 
VII  Thermionic  Cathodes;  VIII  Work 
Functions  of  Homogeneous  Substances; 

IX  Energy-Level  Diagrams  in  Metals; 

X  Distributions  of  Random  Velocities 
of  Gas  Particles;  XI  Electrical  Effects 
of  Random  Motions;  XII  Amplifier  Cir¬ 
cuit  Principles;  XIII  Harmonics,  Class 
B  and  C  amplifiers;  XIV  Amplifier 
Coupling;  Oscillators;  XV  Atomic 
Energies;  XVI  Energy  Levels  for  Par¬ 
ticular  Metals;  Photoelectric  Emission 
and  Electromagnetic  Waves;  XVIII 
Photosensitive  Devices;  XIX  Electric 
Arcs  and  Glow  Discharges;  XX  Plasma 
Boundary  Regions;  XXI  Mercury-va¬ 
por  Rectifiers;  XXII  Single-Phase  Cir¬ 
cuits  Containing  Rectifying  Elements. 

— D.G.F. 


Teh  ‘Vision  Cyelopedia 

BY  ALFRED  T.  WITTS. 

D.  Van  Nostrand  Co.,  Inc.,  New 

York,  N.  Y.  (lid  pages,  07  figures. 

Price  $2.'J5.) 

This  British  B(H)K  contains  an  alpha¬ 
betical  list  of  approximately  600  words 
and  phrases  used  in  present  television 
practice  in  Great  Britain.  The  defini¬ 
tions  are  in  general  accurate  and  well 
put,  but  not  so  extensive  as  the  title 
of  the  book  might  suggest.  In  gen¬ 
eral  the  author  has  adhered  to  terms 
which  apply  specifically  to  television 
equipment  and  practice,  although  there 
are  several  which  apply  more  generally 
to  electron  tube  practice.  The  differ¬ 
ences  between  British  and  .American 
terminology  are  not  .serious,  although 
many  of  the  common  American  words, 
such  as  pedestal,  retrace,  sweep  circuit, 
etc.  do  not  appear. 

The  book  is  not  intended,  of  course, 
to  be  a  text,  and  is  therefore  not  to 
be  u.sed  by  the  uninitiated,  since  its 
alphabetical  arrangement  does  not  give 
any  idea  of  the  logical  sequence  of 
television  processes.  For  the  engineer 
who  has  a  smattering  of  television 
knowledge,  and  who  wants  to  fill  in 
the  gaps  or  to  obtain  a  more  accurate 
and  complete  understanding  of  certain 
words,  the  book  .serves  a  very  good 
purpose. — I).  G.  F. 

Seh‘clecl  Bibliography  of 
Engineering  Subjects 

Prepared  by  the  Committee  on  Profes¬ 
sional  Training,  Engineers  Council 

for  Professional  Development,  33  U’. 

39th  St.,  New  Y'ork,  N.  Y.  Price 

$0.10  each. 

This  selected  biblkk'.raphy  of  engi¬ 
neering  subjects  has  been  prepared  pri¬ 
marily  for  those  who  wish  to  continue 
study  in  engineering  and  .nllied  fields 
or  build  up  their  own  libraries.  The 
bibliography  represents  a  list  of  books, 
mostly  of  college  grade,  with  annota¬ 
tions  to  indicate  the  nature  and  depth 
of  the  subject  matter.  It  i.s  published 
in  five  sections  as  follows: 

Section  I  — Mathematics,  Mechan¬ 
ics,  and  Physics. 

Section  II  — Aeronautical  and  Civil 
Engineering 

Section  III — Chemical  and  Indus¬ 
trial  Engineering 

Section  IV — Electrical  and  Mechan¬ 
ical  Engineering. 

Section  V  — Metallurgical  and  Min¬ 
ing  Engineering. 

The  form  of  these  bibliographies  is 
similar  to  the  “Electronic  Engineers’ 
Library”  in  the  April  1937  issue  of 
Electronics. — b.d. 
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An  institution  of  service  to 
the  radio  industry 


The  radio  industry...  the  Ameri¬ 
can  radio  audience  .  .  .  and  119 
foreign  countries  of  the  world 
now  receiving  increasingly 
large  Sylvania  shipments  ...  all 
know  Hygrade  Sylvania  as  an 
organization  whose  amazing 
growth  is  the  direct  result  of 
good  and  faithful  service  to  the 
whole  radio  industry — from 
the  manufacturer  right  down 
to  the  consumer. 


SYLVANIA  RADIO  TUBE  FACTORY,  EMPORIUM,  PA. 

Contains  the  most  efficient  equipment  known  to  tube 
manufacturing.  Daily  capacity  over  65.000  tubes. 


SYLVANIA  RADIO  TUBE  FACTORY,  SALEM,  MASS. 

Another  great  up-to-the-minute  tube  plant.  Daily 
capacity  over  65,000  tubes. 


MAIN  PRODUCTION  FLOOR,  EMPORIUM  PLANT . . .  Constant  insistence  on 
unvarying  production  standards  results  in  unvarying  quality  in  the  produa. 


SET-TESTED 
RADIO  TUBES 


SYLVANIA 
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GENERAL^^ 
CERAMICS  COMPANY 


CERAiniCS  CO0Ii 
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CEIIEML  CERMICS 


ULTRA'STEATITE 


Power  Factor  ... 
Dielectric  Constant 


ELECTRICAL 

PROPERTIES 


r  X  y  HEN  our  company  entered  if 
Y  V  radio  communications  field  in  193 
SSSB  we  came  not  merely  as  anoth 
competitor.  We  came  to  introduce  for  l 
first  time  in  this  country  the  product  ol 
manufacturing  technique  which  peimitle 
the  production  of  low-loss  ceramics  po 
sessing  outstanding  technical  and  econor 
ic  advantages.  That  this  contribution  wai 
accurately  tuned  to  the  requirements  of  if: 
times  is  well  borne  out  by  the  present  da’ 
consumption  of  steatite.  In  the  meanliirit 
the  development  laboratories  of  the  Ger 
eral  Ceramics  Company  continued  ihe: 
work  and  today  we  are  proud  to  announc- 
Ultra ‘Steatite,  a  product  designed  to  niee 
the  radio  insulation  requirements  of  todo; 
and  tomorrow.  General  Ceramics  Company 
goes  all  the  way  in  presenting  Ultra* Steals 


Controller  and  motor  valve 


tions,  permits  a  ran^e  of  continuous 
control,  and  obviates  the  necessity  of  a 
light  source  with  its  attendant  main¬ 
tenance  problem. 

A  typical  record  of  temperature  in  a 


Typical  temperature  record 


furnace  controlled  by  Mr.  Machlet’s 
device  is  shown.  It  vvill  be  noticed  that 
the  recovery  of  temperature  after  the 
insertion  of  each  charge  occurs  within 
a  short  time,  and  that  the  temperature 
is  maintained  uniform  thereafter. 


FOR  THEATRE  QUALITV 
REPRODUCTION 
IN  THE  HOME-RADIO 
OR  PHONOGRAPH 


FOR  SOUND 
RE-ENFORCEMENT 
AND  PUBLIC  ADDRESS 
APPLICATIONS 


Electronic  Piano 
Produced  Commercially 

The  present  vooue  for  small  musical 
instruments  has  resulted  in  a  con¬ 
siderable  effort  to  improve  the  tone 
and  volume  within  a  restricted  sound¬ 
ing  board  area.  The  electronic  prin¬ 
ciple  developed  by  Benjamin  F.  Meissner 
and  demonstrated  before  the  institute 
of  Radio  Engineers  last  year  has 
been  successfully  applied  to  this  prob¬ 
lem  and  has  recently  been  demcnstrateci 
before  a  musical  trade  exhibition. 

Underneath  each  string  is  a  narrow 
conductor  supported  on  insulators  and 
separated  from  the  strings  just  far 
enough  to  prevent  contact  when  the 
strings  undergo  their  most  violent  vi¬ 
bration.  A  high  voltage  is  supplied 
between  the  conductor  and  the  string, 
thus  providing  a  polarizing  voltage 
whose  value  is  varied  as  the  string  vi¬ 
brates.  The  o.scillating  voltage  so  gen¬ 
erated  is  amplified  in  a  conventional 
amplifier  having  a  peak  output  of  ap¬ 
proximately  60  watts.  The  gain  of 
this  amplifier  is  controlled  by  a  swell 
pedal,  in  place  of  the  conventional 
pedal  of  a  piano.  Controls  are  avail¬ 
able  at  the  keyboard  for  regulating 
volume  and  tone.  Tone  quality  of  this 
combination  is  equal  to  if  not  actually 
superior  to  that  of  a  large  concert 
grand  piano.  With  the  amplifier  dis¬ 
connected  the  tone  of  the  piano  alone 
is  so  weak  as  to  be  unsatisfactory  even 
in  a  small  room. 


For  Home  Sound  Reproduction 


Before  the  advent  of  the  Lansing  ICONIC  music 
lovers  were  forced  to  be  content  with  systems  of  very 
limited  frequency  response  or  inadequate  high-frequency 
coverage,  or  both — ^for  home  sound  reproduction. 

Now,  for  the  first  time,  a  system  is  available  which 
will  give  results  comparable  to  the  best  theater  repro¬ 
duction  but  at  comparatively  low  cost  and  in  sizes  that 
are  suitable  for  installation  in  the  home. 

The  ICONIC  consists  of  a  new  high  frequency  unit 
with  constant  efficiency  uo  to  10,000  cycles  or  above, 
a  new  multicellular  horn  which  gives  uniform  coverage 
over  an  angle  of  80°,  even  at  the  highest  frequencies, 
and  a  new  low  frequency  unit  with  very  low  distortion, 
all  especially  developed  for  the  ICONIC. 


At  lost!  Acfyal  Hem*  performane*  that  ap¬ 
proaches  th*  ideal.  For  complete  information. 
ASK  YOUR  DISTRIBUTOR,  or  writ*  to 


LANSING  MANUFACTURING  CO. 
6900  SOUTH  McKinley  aye.,  los  angeles,  cal 
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LAPP 


At  left,  radio  frequency 
generator  and  equipment 
for  flashover,  heat  run, 
corona  point,  loss  and 
capacitance  determina¬ 
tions.  Right,  three  million 
pound  radiator  base  in¬ 
sulator  being  proof-tested 
in  hydraulic  testing  ma- 
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LAPP  INSULATOR  CO., Hc|  I  NSUL  ATOP*; 


LE  ROY*  N.Y.'U.S.A 


Volume  of  Auto-Radio 
Increases  With  Speed  of  Car 

According  to  a  recent  issue  of  Wireless 
World,  the  British  have  finally  dealt 
with  the  fact  that  the  volume  required 
of  an  auto-radio  is  much  greater  when 
the  speed  of  the  car  is  high  than  at 
lower  speeds.  In  recent  British  Patent 


Switch  S  in  controlled  by  the  car 
speed 


(No.  450,606),  it  is  suggested  that  a 
centrifugal  governor  connected  to  the 
transmission  gear  be  used  to  contact 
several  points  on  the  potentiometer  re¬ 
sistance,  as  shown  in  the  diagram, 
which  would  control  the  amount  of 
input  to  the  amplifying  tube.  Thus 
the  loud  speaker  volume  is  made  to 
rise  and  fall  in  sympathy  with  the 
running  speed  of  the  car. 


RESISTORS  you  forget 


When  you  install  a  resistor  you  have  a  right  to 
forget  it.  You  can,  if  the  resistor  is  made  right 
and  conservatively  rated.  The  diflferential  in 
price  between  the  most  dependable  resistor  and 
the  cheapest,  is  so  slight,  that  it  is  not  worth  the 
annoyance  and  cost  of  a  single  failure.  Ward 
Leonard  Resistors  have  built  their  reputation 
upon  this  sound  policy. 


Phototubes  Used 
In  Sorting  and 
Tabulating  Machine 

A  NEW  DEVICE  for  tabulating  from  busi¬ 
ness  records  has  been  devised  by  M.  E. 
Gould,  of  Washington,  using  a  rec¬ 
tangular  bank  of  2(>0  phototubes  to  reg¬ 
ister  indexing  impulses  projected 
upon  them  from  a  motion  picture  pro¬ 
jector  whose  film  contains  the  rec¬ 
ords.  Each  frame  of  the  film  re¬ 
sembles  a  punch-card  of  the  conven¬ 
tional  tabulating  machine,  except 
that  each  punch  hole  is  replaced  in 
the  film  by  a  square  black  dot  im¬ 
pressed  photographically  on  the  film. 
The  position  of  these  black  dots  on 
each  frame  indicates  the  classification 
and  other  data  relative  to  that  par¬ 
ticular  record.  By  projecting  the  pat¬ 
tern  of  dots  from  each  frame  on  the 
phototube  bank,  relays  connected  to 
the  phototube  can  be  made  to  take 
tabulated  totals  as  the  film  is  run 
through  the  machine.  The  relaying 
system,  consisting  of  telephone  type 
relays  operated  from  thyratron  tubes, 
will  operate  at  extremely  high  speeds, 
2,000  per  minute  or  more.  The  ad¬ 
vantage  of  this  method  of  filing  rec¬ 
ords  (on  film)  is  the  relatively  small 
space  required,  only  1,000  separate 
reels  being  required  for  as  many  as 
84,000,000  individual  records.  Also  the 
continuous  film  strip  prevents  loss  or 
improper  filing  of  individual  records. 


Tells  about  Fitrohm  IFire 
fF ound  Resistors,  gives  sites, 
•watt  ratings. 


Is  about  plaque  type  non- 
inductive  and  non-capacitive 
resistors. 


Describes  Ward  Leonard  Rib- 
flex  Resistors  for  unusually 
heavy  duties. 


Is  a  treatise  of  standard  and 
special  mountings  and  en¬ 
closures. 


devices  since  7892 


Electric  control 


WARD  LEONARD 


RELAYS 


RESISTORS 


RHEOSTATS 


Ward  Laoaord  Electric  Compaay,  32  Soath  Street,  Meant  Vernon,  N.  Y, 

Please  send  me  Bulletins  No . 

Name  . 

Firm  . • . 

Address  . 
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rioo%j 

Centralat 


CAMPBELL’S 


The  atandard 
radiohm  oSering 
accurate  tapers — 
low  noise  level- 
longer  life,  and 
better  power  dis* 


Servicemen  . .  .  jobbers  . . .  experimenters  .  .  .  manufacturers  .  . . 
all  voice  a  preference  for  the  smooth,  certain,  satisfactory 
service  that  Centralab  Controls  offer.  For  “100%”  satisfaction 
specify  CENTRALAB ! 

CENTRALAB  DIV.  OF  GLOBE-UNION  INC.,  Milwaukee,  Wise. 

Canterbury  Rd.  Kilburn  London  N.  W.  England  118  Ave.,  Ledru-Rollin,  Paris 

Centealab 
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329  ADAMS  AVENUE 
SCRANTON.  PA. 


May  I  take  this  opportxmlty  to  express 
to  you  my  sincere  appreciation  for  my  outstanding 
success  with  Centralab  products. 


We  consider  quality  of  parts  a  major 
essential  in  rendering  efficient  radio  service; 
we  obtain  this  by  using  Centralab  at  no  greater 
cost. 


I  have  been,  and  an,  consistently  one 
hundred  percent  Centralab,  and  as  I  an  conserva¬ 
tive  In  my  expressions,  and  having  used  hundreds 
of  Centralab  controls,  resistors  suid  switches,  I 
highly  recommend  the  use  of  Centralab  products  to 
other  radio  service  men. 

Yours  sincerely. 


MR.  J.  F.  CAMPBELL 
Radioneer  of  Scranton,  Pa. 


Scranton  Radio  Stipply  Co, 
009  Mulberry  Street 
Scranton,  Pa. 


Dear  Mr.  Mack: 


August,  7,  1937 


RADIO 


RADIUM  BOMB 


For  their  new  Telephone  Dial  receiver,  Wells- 
Gardner  commissioned  American  Emblem  Co.  to 
design  and  fabricate  this  unusual  Escutcheon,  the 
Bronze  Dial  Ring  and  Housing  for  the f1ashing"Eye.' 


^1 


3LttLrLg  3rame  for 

YOUR  MASTERPIECE 

Regardless  of  the  smart  cabinets  your  designer  turns  out  and 
the  selected  woods  that  go  into  their  construction,  the  choice 
of  escufcheons  is  of  definite  importance  to  the  final  effect. 
Properly  designed  and  carefully  fabricated,  they  provide  the 
finishing  touch  that  makes  for  appreciated  beauty.  They  should 
be  in  harmonious  accord  with  tne  designer's  icleas  and  serve 
as  an  unobtrusive  frame  for  the  focal  point  of  interest — ^the 
dial.  Because  our  mass  production  facilities  enable  us  to  turn 
out  quality  work  at  attractive  prices,  you  will  find  that  many 
of  the  leading  names  in  radio  order  escutcheons  made  by 
American  Emblem.  For  complete  data  write  today  for  book¬ 
let  "AE". 


W«  •xtand  you  a  cordial  invitation 
to  visit  our  showroom  at;  500  Fifth 
Ava.,  Now  York,  which  Is  undar 
tho  dlraction  ot  our  prasidant,  Mr. 
Gaorga  B.  Ogdan. 


In  Chicago,  Mr.  J.  D.  "Jack"  Undsay, 
a  wall  known  figura  in  tha  radio  In¬ 
dustry,  is  in  charga  of  our  ofllco  at 
540  N.  Michigan  Boulavard,  Room 
323. 


AN  EMBLEM  COMPANY. 

DX  I  I6L,  UTICA.  NEW  YORK 

Offices  in  ^Principal  Qities 


A  five-gram  radium  bomb,  used  in 
the  treatment  of  cancer,  demon¬ 
strated  by  Dr.  Frank  Neal  at  the 
International  Congress  of  Radiol¬ 
ogy  at  Chicago.  The  radiation 
(gamma  rays)  escapes  through  the 
bottom  of  the  sphere 


Note  on  Video 
Amplifier  Design 

(Electronics,  August  1937) 

In  the  above  article  the  establishment 
of  a  definite  limit  as  to  phase  distortion 
was  rather  brief  and  in  one  point  an 
error  occurred  on  the  writers’  part. 

A  rectangular  or  trapezoidal  shaped 
pulse  (such  as  obtained  in  synchroniz¬ 
ing  signals  or  in  scanning  across 
lines)  suffers  little  distortion  if  the 
first  ten  harmonics  are  transmitted 
with  phase  shift  proportional  to  fre¬ 
quency  and  the  relative  amplitudes 
preserved. 

Thus  a  pulse  cF{t)  would  suffer 
little  distortion  if 

eF  (t)  =  KE^  sin  (cut  -r  a) 

-(-  KEt  sin  (2cut  -f-  2a  "h 
KE-u,  sin  (lOout  +  10a) 

where  K  =  a.ny  number  and  a  —  any 
angle. 

However  if  the  tenth  harmonic  suf¬ 
fered  an  additional  phase  shift  of  n 
radians  over  that  of  10a  radians  the 
distortion  would  probably  be  greater 
than  if  the  harmonic  were  not  trans¬ 
mitted.  There  is  of  course  a  possible 
but  not  probable  case  where  the  addi¬ 
tional  phase  shift  might  be  a  multiple 
of  2n  radians  and  yet  no  distortion 
of  wave  form  would  occur.  This  case 
need  not  be  considered. 

Evidently  the  limit  of  variation  from 
linearity  of  phase  shift  is  something 
less  than  7c/2  radians  for  the  tenth 
harmonic  in  relation  to  the  funda- 
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TWO  TIMES  ACTUAL 


UNDER  SEVERE  CONDITIONS 

"The  fact  that  Erie  Resistors  more  nearly  retain 
their  normal  values  under  all  sorts  of  operating  con¬ 
ditions  is  a  big  help  to  us. 

It  means  we  can  use  one  make  of  resistor  through¬ 
out  the  complete  assembly  line.  We  won’t  have  to 
worry  about  hxunidity  in  the  grid  leaks  where  there 
isn’t  much  load,  too  much  load  in  the  plate  circuits,  or 
the  effect  of  sudden  voltage  fluctuations  in  other 
circuit  locations. 

We  certainly  are  glad  we  sent  for  those  Erie 
Resistor  samples*  to  test.’’ 

*Why  not  find  out  for  yourself  the  excellent  operating 
characteristics  of  Erie  Insulated  Resistors.  A  request  on 
your  letter-head  will  bring  you  a  generous  supply  of  samples 
to  test  in  your  own  laboratory. 


CARBON  RESISTORS 
AND  SUPPRESSORS 


ERIE  RESISTOR 
CORPORATIO 


TORONTO 


ERIE,  PENNSYLVANIA 


AUTOMATIC  INJECTION 


MOLDING 


LONDON 


ELECTRONICS  —  Afotx-mfcfr  1937 


DIRECT  READIIVG  -  ZERO  TO  5,000  CYCLES 


Based  on  a  radically  new  design,  the  General  Radio  Type  834-A  Elec¬ 
tron  Frequency  Meter  is  direct-reading  from  zero  to  5,000  cycles 
over  five  ranges  each  starting  from  zero  and  extending  to  200,  500,  1,000, 

2,000  and  5,000  cycles. 

This  instrument  is  especially  useful  in  laboratory  or  production  testing 
where  routine  measurements  of  frequency  have  to  be  made  rapidly  and 
accurately  either  on  a  large  number  of  devices  or  continuously  on  a  single 
instrument. 

Some  of  it$  many  applications  are:  | 

(Quartz  Crystal  Grinding 

Checking  a  Number  of  Radio  Transmitters 
Noise  Measurements  and  Analysis 
Analysis  of  Vibration  in  Machinery 
Tele-metering 

Industrial  Measurements  of  Thickness,  Capacitance  and  Quality 
Tuning  Electrical  Horns,  Chimes  and  Organs 
Continuous  Monitoring  in  any  Frequency  Measurement 

The  Type  834-A  Electron  Frequency  Meter  is  entirely  self-contained  and 
operates  from  a  110-volt,  60-cycle  a-c  power  source.  Price,  complete  with 
vacuum  tubes,  fuses,  spare  pilot  lamps,  115-volt  cord  and  plug  assembly 
,  and  multipoint  connector:  $250.00 

W  rite  for  Bulletin  191  for  complete  data  t 

GENERAL  RADIO  COMPANY 

Cambridge,  Mass, 

BRANCHES:  New  York,  Los  Angeles,  San  Francisco 

MANL'FACTVRERS  OF  RADIO  AND  ELECTRICAL  LABORATORY  EQUIPMENT  I 
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NEW  PORTABLE 


EVEREADY 


BATTERIES 


These  batteries  conform  to  the  new  recommended  RMA 
standards,  which  make  possible  truly  portable  receivers  with 
assurance  of  availability  and  interchangeability  of  *batteries. 


No.  722—2-cell,  3-volt  "A”  Bat¬ 
tery.  Length  2  11/16  in..  Width 
IV2  in..  Height  4V2  in..  Weight 
11  02. 

No.  723-4-cell,  3-volt  I'A”  Bat¬ 
tery.  Length  2^  in..  Width 
in..  Height  4^  in..  Weight  1  lb. 
5  02. 

No.  724—8-cell,  3-volt  ”A”  Bat¬ 
tery.  Length  4  in..  Width  2% 
in..  Height  6  in..  Weight,  2  lbs. 
4  02. 


No.  733—45-volt  **B”  Battery. 
Tap  at  -{-22V2  volts.  Length  3Vj» 
in..  Width  lYs  in..  Height  41/2 
in..  Weight  12  02. 

No.  738— 45-volt  "B”  Battery. 
Tap  at  -\-22V2  volts.  Length  5Vh 
in..  Width  2^  in..  Height  41/2 
in..  Weight  1  lb.  4  02. 

No.  744—71/2-volt  "C”  Battery. 
Tap  at  — 41/^  volts.  Length 
2  15/16  in..  Width  11/16  in.. 
Height  1  Ys  in..  Weight  2  02. 


Descriptive  sheet  mailed  on  request  to: 

BATTERY  HEADQUARTERS 

NATIONAL  CARBON  CO.,  INC. 

30  East  42nd  Street,  New  York,  N.  Y. 

U nit  of  U nion  Carbide  DIB  and  Carbon  Corporation 


10a  +  it/2  the  maximum  variation  in 
phase  delay  T  is 


7’  =  7’io-r.= 


10a-}-ir'‘2  “  _  1 

20^/  “  ^  "  40/ 


where  /  is  the  lowest  frequency  in  a 
band  from  /  to  10/  cycles  per  second. 
Therefore,  for  the  higher  video  fre¬ 
quencies  (.25  to  2.5  Me)  the  variation 
in  phase  delay  should  be  less  than  0.1 
X  10~*  seconds.  For  the  low  frequen¬ 
cies  (30  —  300  c.p.s.)  the  variation 
should  be  less  than  1/1200  second. 

In  the  above  article  Equations  (9), 
(10),  and  (11)  should  be  corrected 
to  read 


where  T  is  in  seconds  and  a>  is  2t: 
times  the  lowest  frequency  to  be  trans¬ 
mitted.  When  this  is  30  c.p.s.  and  the 
maximum  variation  in  phase  delay  T 
for  ten  stages  is 


10  1-200 


seconds  per  stage,  we  have 


RyCy’^OM  (10) 

R^Ce=0M  (11) 

R.  L.  Freeman. 


New  Jersey  Railroad 
Installs  P.A.  System  on 
Sightseeing  Train 

Sightseeing  trains  run  by  the  Central 
Railroad  of  New  Jersey  are  now 
equipped  with  a  complete  public  ad¬ 
dress  system,  including  an  amplifier 
installed  in  the  baggage  car,  loud 
speakers  in  every  car,  and  microphones 


P.A.  installation  on  Jersey  Central 
train 
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What  would  you  gain  by  ^'knowing^^  them?  ...  A  few 
minutes  with  a  PARKER-KALON  ASSEMBLY  ENGINEER  may 
uncover  remarkable  possibilities. 


No  matter  what  the  type  or  size  of 
product,  if  it  requires  fastenings 
to  metal  or  plasties  a  good  “work¬ 
ing  knowledge”  of  Parker-Kalon 
Hardened  Self-tapping  Screws  will 
lead  to  benefits  in  seven  eases  out 
of  ten.  Records  covering  hundreds 
of  concerns  show  this  to  be  true. 

The  Sub-Stage  Microscope  Lamp 
shown  here  offers  an  example  of 
what  can  he  accomplished,  even 
when  the  fastenings  involved  are 
simple.  Beeause  the  maker  knew 
what  could  be  done  with  Type  “U” 
Hardened  Self-tapping'  Screws,  he 
used  them  to  permanently  attach 
the  metal  reflector  to  the  inside 


of  a  molded  Bakelile  case.  He 
avoided  a  costly  and  complicating 
insert  or  a  difficult  tapping  job. 
Fastening  ease  and  speed, and  more 
efficient  molding  was  obtained. 

On  another  part  he  took  advantage 
of  the  unique  characteristics  of 
Type  “Z"  Hardened  Self-tapping 
Screws.  Vt  ith  them  he  w’as  able 
to  fasten  the  lamp  receptacle  to 
a  molded  Bakelite  socket  base, 
and  eliminate  a  brass  insert  and 
machine  screw.  This  saved  two 
and  a  half  cents  per  unit.  Also  a 
more  secure  assembly  was  attained. 

Makers  of  all  kinds  of  products 
involving  fastenings  to  metal  or 


plastics  will  testify  to  equal  and 
greater  benefits  achieved  by  using 
this  simpler  assembly  method.  Are 
you  taking  full  advantage  of  it? 
^  hy  not  make  sure  by  going  over 
your  assemblies  with  a  Parker- 
Kalon  Assembly  Engineer.  He 
will  point  out  where  and  how  you 
could  benefit  by  applying  Self¬ 
tapping  Screws,  and  provide  you 
with  a  “working  knowledge”  of 
them  so  that  you  will  not  miss 
economies.  Your  request  will 
bring  him. 


PARKER  -K  A  LON  COR  PO  R  ATION 
198  Varick  Street,  New  York 


PARKER-KALON 


FASTENING  DEVICES 


HEX  CAP  g  A  HARDENED  SELF-TAPPING  SCREW  FOR  EVERY  KIND  OF  ASSEMBLY  1 


SOLD  ONLY  THROUGH  RECOGHIZEO  DISTMtUTORS 
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Two  Simple  Fastenings 

demonstrate 

that  it  pays  to  ^'know^^  Self-tapping  Screws 


RECTIFIER 


PARTS 


AmerTran  Type  “W”  air-insulated 
plate  transformer,  a  fully  enclosed 
unit  with  all  leads  to  bushings — 
Sites  to  7  K^a. 


AmerTran  Type  **L**  filter  reactor 
with  mounting  similar  to  plate 
transformer — insulated  up  to  2$  Kr. 
r.m.s.  test. 


For  circuits  utilizing  either  type  '66  or  '72  rectifier 
tubes  AmerTran  offers  a  full  selection  of  standard 
transformer  components  of  fully  enclosed,  air- 


located  at  strategic  points.  The  guide 
of  the  sightseeing  train  sits  in  the 
baggage  car  and  describes  points  of 
interest  along  the  right-of-way,  to  the 
passengers  throughout  the  train.  A 
microphone  is  also  installed  in  the  loco¬ 
motive  and  is  used  to  enable  the  pas¬ 
sengers  to  enjoy  an  occasional  word 
from  the  engineer  and  the  fireman,  and 
to  listen  to  the  various  noises  present 
in  the  cab,  such  as  the  whistle,  bell, 
and  escaping  steam  from  the  safety 
valve.  The  dining  car  waiter  an¬ 
nounces  dinner  with  chimes  via  the 
system;  in  between  times,  music  is 
played  for  the  passengers. 

As  part  of  the  routine  of  the  sight¬ 
seeing  excursion,  an  extensive  script  is 
prepared  in  advance  containing  infor¬ 
mation  on  historical  points,  manufac¬ 
turing  communities,  etc.,  which  is  read 
as  the  train  passes  these  points. 


•  • 


!  Tho  electronic  mu§ical 
I  Instruments  from  Germany 

I  The  accompanying  diagrams  show  two 
I  simple  oscillating  circuits  designed  for 
1  the  production  of  musical  tones,  re¬ 
cently  developed  in  Germany.  The 
single-tube  instrument  shown  consists 
of  a  bias  battery  B„  a  potentiometer 
PiRi  which  is  connected  in  series  be¬ 
tween  the  cathode,  the  grid  of  the  tube, 
and  the  secondary  of  the  transformer 
j  r/f,.  By  depressing  the  bar  at  vari- 
I  ous  points  along  its  length  the  amount 
I  of  bias  voltage  connected  to  the  grid 
I  may  be  controlled.  The  grid  bias  in 
1  turn  controls  the  amount  of  plate 
I  current  flowing  through  the  primary 


insulated  construction.  These  units  are  moderately 
priced,  quickly  available,  of  exceptionally  flexible  de¬ 
sign,  and  of  highest  quality  construction  throughout. 
They  are  being  used  extensively  throughout  the  world 
by  manufacturers  of  radio  transmitters,  communica¬ 
tion  companies,  and  broadcasting  stations.  May  we 
quote  you  on  equipment  for  your  requirements? 


AMERICAIV  TRAASFORMEII 
COMPAIVY 

178  Emmet  St.,  Newark,  N  J. 


AmerTran  Type  filament  tram- 

former — instUaled  up  to  50  Kt.  test. 


Manufactured 
Since  1901  at 
Newark,  N.  J. 


Connections  of  the  ‘'Hellertion” 
music  generator 


transformer  TR,  and  this  in  turn 
changes  the  inductance  of  both  wind¬ 
ings,  by  saturating  the  iron  core  of 
the  transformer.  This  change  in  in¬ 
ductance  influences  the  frequency  of 
operation,  the  oscillation  being  sus¬ 
tained  by  the  connection  between  the 
plate  and  grid  circuit  through  the 
transformer.  The  output  of  the  device 
taken  from  the  plate  circuit  is  directed 
to  an  amplifier  tube.  The  strip  P, 
is  a  leather-covered  conductor  so 
mounted  that  it  may  be  depressed  at 
various  points  by  the  finger  of  the 
musician,  who  is  thus  enabled  to 
change  the  pitch  of  the  instrument. 
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HIGH  VACUUM 


CATHODE  RAY  TUBE 


for  visual  observation 


and  photography 

12  important  features 

!■  Small  and  brilliant  spot. 

2.  High  deflection  sensitivity. 

3.  Completely  electrostatically 
shielded. 

4.  Individual  deflector  plate  connec 


tions. 


5.  Undistorted  deflecting  field. 


6.  Full  range  modulation  without  de> 


focussing. 


#■  Low  interelectrode  capacities. 


8.  High  insulation  between  elements. 


S.  Wide  range  of  accelerating  voltage. 


lO.  Complete  separation  of  high  and 


low  voltage  terminals. 


11.  All  tubes  are  interchangeable 


sockets  and  circuits. 


12.  All  terminals  in  moulded  bases  give 


maximum  protection  against  acci 


dental  breakage. 


r 


For  full  details:  Graybar  Electric  Co., 


Graybar  Building,  New  York,  N.  Y. 


In  Canada:  Northern  Electric  Co.,  Ltd. 


General  Characteristics 


Heater  Voltage . 5.0  Volts 


Heater  Current . 0.55  Ampere 


Accelerating  Potential.. 1, 000 — 5, 000 


Deflection  Characteristic  with  Accel¬ 


erating  Potential  of  2,000  Volts: 


325  Series  130  Volts/ inch 


326  Series  80  Volts/ inch 


LetiQ^ 


Vott**  ^*1 

1  — 


Western  Electric 

K  ADK)  TKI.KPIIONK  RItO  \ DC  VSTINfi  KOriP.MKM 

Diatrihuh-d  hy  CHAMIAH  Klertric  Co.  Ir,  tana.I.,:  \<.r,hrrn  t.leclr,r 
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The  two-tube  device  shown  in  the 
diagram  contains  a  gas-hlled  triode 
whose  grid  bias  is  controlled  in  the 
same  manner.  That  is,  by  pressing 
a  conductor  on  a  resistance  strip 
(PlVj).  This  change  in  bias  influences 
the  duration  of  each  current  pulse 
through  the  tube,  which  in  turn  con¬ 
trols  the  frequency  of  the  relaxation 
oscillator  in  the  anode  circuit.  (CiU’,). 
The  voltage  appearing  across  this  re¬ 
sistance  capacitance  combination  is 
amplified  in  the  tube  following,  whose 


FOR  GUARDIAN  ELECTRIC  COMPANY 
TEXTOLITE  PROVIDES  -  -  - 


The  "T rautoniiim"  uses  a  thyratron 
to  produce  different  tones 


ACCURACY 


output  is  controlled  by  adjusting  re¬ 
sistance  ir,  and  condenser  C,.  The 
volume  of  the  instrument  is  controlled 
by  the  carbon  button  microphone  M 
connected  in  series  with  the  final 
output,  which  is  compressed  by  the 
musician  as  he  manipulates  the  key¬ 
board. 


CLEAN  PUNCHING 


UNIFORMITY 


Transformer  Amplifier 
For  Barrier  Photocell 
Applications 

The  editors  have  received  the  follow¬ 
ing  information  from  Mr.  A.  W. 
Clement  of  Chicago  concerning  the 
use  of  a  transformer  coupled  ampli¬ 
fier  in  connection  with  a  barrier  type 
photocell,  which  makes  use  of  the  120- 
cycle  flicker  produced  by  60-cycle  cur¬ 
rent  in  a  small  mazda  bulb.  The  bulb 
used  is  the  No.  55  (6.5  volts,  1.45 
candlepower)  mounted  in  a  reflector 
from  a  flashlight.  Since  the  filament 
of  this  bulb  has  very  low  thermal  in¬ 
ertia  the  alternating  component  of  the 
light  output  is  relatively  high,  appro- 
imately  12  db.  more  than  that  available 
from  a  21  cp.  bulb.  The  application 
was  for  burglar  alarm.  The  bulb 
mounted  in  the  reflector  is  used  to 
excite  a  barrier  cell.  Since  these  self¬ 
generating  cells  are  of  low  impedance 
the  connecting  line  between  the  cell 
and  the  amplifier  can  be  of  the  most 
simple  type.  The  amplifier  consists  of 
an  input  stage  (type  6J7),  a  power 
stage  (type  6F6),  and  a  rectifier,  type 
6C5.  The  input  from  the  photocell  is 
transformer  coupled  to  the  6J7  stage, 
which  in  turn  is  impedance  coupled 
to  the  power  stage.  The  amplifier  is 
tuned  to  120  cycles  throughout.  The 
output  of  the  rectifier  will  produce 
about  10  milliamperes  current  d-c  in 
a  500  ohm  relay,  when  the  output  from 
the  photocell  is  1  millivolt.  At  high 
levels  the  output  is  limited  to  approxi¬ 
mately  12  milliamperes  to  prevent  relay 
saturation.  Regeneration  is  also  util¬ 
ized  in  the  amplifier  by  connecting 
a  small  winding  on  the  rectifier  trans¬ 
former  in  series  with  the  cathode  of 
the  first  stage. 


HIGH  DIELECTRIC 


MECHANICAL 

STRENGTH 


EXCELLENT  HNISH 


The  stepping  relays,  manufactured  by  the  Guardian  Electric  Com¬ 
pany,  are  dependable  and  fast  operating.  Naturally,  they  must  rely 
on  the  best  insulation  for  perfect  performance.  That  is  why  Guard¬ 
ian  Electric  uses  Textolite  laminated,  exclusively,  for  their  discs, 
which  are  a  fabricating  achievement.  They  know,  through  experi¬ 
ence,  the  high  quality  of  Textolite  and  the  fabricating  ability  of 
General  Electric’s  distributor.  General  Laminated  Products,  Inc. 

For  dependable  insulation  and  accurate  fabricating,  specify  G-E 
Textolite.  You  can  secure  prices  and  recommendations  from  the 
nearest  distributor,  listed  below,  or  write  Section  P-426,  Plastics 
Department,  General  Electric  Company,  Pittsfield,  Massachusetts. 

GENERAL  LAMINATED  PRODUCTS,  Inc. 

233  Spring  St.  NEW  YORK,  N.  Y.  3113-3123  Carroll  Ave..  CHICAGO.  ILL 


GENERAL 


ELECTRIC 


PLASTICS  DEPARTMENT.  GENERAL  ELECTHIC  COMPANY,  PITTSFIELD.  MASSACHUSETTS 
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THE  ELECTRON  ART 


phonograph,  turntable  and  piezo-elec¬ 
tric  crystal  pick-up  for  record  playing. 

Considerable  interest  was  shown  in 
television  receivers  and  models  are 
available  from  about  $300  to  more 
than  $800.  It  is  claimed  that  at  least 
some  of  the  models  available  use  a 
cathode-ray  tube  which  gives  a  bril¬ 
liant  black  and  white  picture  of  good 
detail  and  which  may  be  used  in  day¬ 
light  rather  than  in  a  darkened  room. 
The  size  of  the  television  image  is  re¬ 
ported  in  a  number  of  cases  to  be 
larger  than  the  5  x  7  in.  images  which 
have  been  seen  in  this  country.  Some 
of  the  receivers  produce  images 
approximately  8  in.  by  10  in.  Another 
receiver  provides  a  picture  almost  14 
in.  by  11  in. 


ACH  month  the  world^g  technical  literature  is  scanned  to 
see  what  physicists  and  engineers  are  doing  with  tubes,  for 
presentation  in  tabloid  form  to  Electronics'  readers. 


Recent  Developments  in 
German  Cathode  Ray  Tubes 

By  Berthold  Sheffield 

A  CATHODE  RAY  TUBE  with  a  Screen  2 
in.  in  diameter,  surface  grinding  of 
the  exterior  screen  surface,  and  a  new 
ceramic  base  which  eliminates  the  usual 
basing  process  at  the  factory,  are 
among  some  of  the  recent  improve¬ 
ments  in  cathode  ray  tubes  developed 
by  the  Leybold  &  Von  Ardenne  Oscillo¬ 
graph  Co.  of  Germany. 

The  use  of  a  ceramic  base  rather 
than  the  usual  glass  pressed  stem  has 
brought  about  the  reduction  in  length 
of  from  2i  to  ^  in.  depending  upon  the 
type  of  tube  with  which  this  new  base 
is  used.  The  entire  structure  of  the 
small  2-in.  tube,  base  included,  is 
hardly  longer  than  the  glass  press  of 
the  ordinary  present-day  tube.  The 
electrode  terminals  are  heat  processed 
along  the  periphery  of  the  ceramic 
base.  Through  the  use  of  this  new 
ceramic  socket  the  usual  basing  opera¬ 
tions  at  the  factory  are  eliminated  and 
the  electrical  safety  factor  is  raised 
because  of  increased  separation  be¬ 
tween  contact. 

Another  innovation  which  is  used  on 
the  2-in.  tube  as  well  as  other  types 
of  tubes  is  the  screen,  which  is  ground 
to  a  plane  to  allow  the  making  of  meas¬ 
urements  directly  on  the  screen.  This 
feature  is  further  useful  in  connection 
with  simple  magnifying  lenses,  for 
these  reproduce  accurately  only  objects 
in  one  plane. 


Recent  British  Radio 
Development 

Recent  developments  in  British  radio 
equipment,  as  evidenced  by  the  ex¬ 
hibit  at  the  Radio  Manufacturers’ 
Association  held  in  London,  August  25 
to  September  4,  include  as  their  chief 
feature  television  sets  and  all-wave 
radio  receivers.  Almost  a  score  of 
miniature  television  theatres  were 
available  at  this  fair  and  the  public 
was  able  to  make  comparisons  between 
the  various  types  of  receivers  offered 
for  sale. 

Recently  the  all-wave  receiver  has 
come  into  general  use  and  the  super¬ 
heterodyne  circuit  is  the  leader  in  this 
field.  Standard  all-wave  superhetero¬ 
dyne  receivers  are  available  from  about 
$45  and  up,  and  according  to  reports, 
are  much  superior  to  receivers  sold  at 
almost  double  the  price  several  years 
ago.  There  is  considerable  evidence 
that  television  and  sound  broadcasting 
will  develop  as  complimentary  rather 
than  rival  services  so  that  the  effects 
of  increased  interest  in  television  upon 
the  prices  of  radio  receivers  has  not 
been  marked. 

As  is  also  true  of  this  year’s  Ameri¬ 
can  radio  receivers,  a  rather  consid¬ 
erable  emphasis  is  placed  on  tuning 
dials  and  controls  of  British  radio  sets. 
A  number  of  models  are  also  featuring 
variable  selectivity  in  the  inter¬ 
mediate  frequency  amplifier.  The 
quality  of  reproduction  has  been  im¬ 
proved  over  the  receivers  of  last  year 
and  some  models  are  available  with 


Electrotechnical  Journal 

The  official  overseas  edition  of  the 
Journal  of  the  Institute  of  Electrical 
Engineers  of  Japan  makes  its  appear¬ 
ance  as  Vol.  1,  No.  1  for  June  1937  as 
the  Electrotechnical  Journal.  It  is 
published  in  English,  deals  with  Jap¬ 
anese  technical  advances  in  both  the 
communication  and  power  fields  and 
gives  some  attention  to  research  prob¬ 
lems  in  electronics — that  borderline  re¬ 
gion  where  engineers  and  physicists 
work  hand  in-hand.  By  and  large,  the 
E.T.J.  is  for  the  English  speaking  Jap¬ 
anese  electrical  engineer  approximately 
what  Electrical  Engineering  is  to  the 
American  electrical  engineer. 

The  timely  editorial  on  the  first  page 
states,  in  part:  “Intimate  contact  be¬ 
tween  this  country  and  other  countries 
has  been  greatly  handicapped  by  the 
barrier  of  conspicuous  difference  in 
language.  However,  it  is  felt  to  be 
highly  desirable  to  surmount  this  bar¬ 
rier  and  to  bring  about  deeper  mutual 
knowledge  and  clearer  understanding 
and  to  contribute,  even  if  only  a  little, 
to  international  goodwill  and  the  de¬ 
velopment  of  civilization’’.  In  fulfilling 
these  aims,  we  wish  the  E.T.J.  every 
success. 


Recent  improvements  in  F on  Ardenne  cathode  ray  tubes  include  a  plane  screen,  as  shoum  at  the  left  where 
the  end  of  the  tube  is  placed  in  contact  with  a  draughtsman’s  triangle.  A  two-inch  cathode  ray  tube  with 

ceramic  base  is  shown  at  the  right 
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THE  CINCH  LINE 

-•  one  that  has  proved  of  invaluable  aid  in 
promptly  and  efficiently  meeting  changing 
conditions — and  individual  specific  emergen¬ 
cies:  Sockets,  plugs,  strips,  lugs — designed, 
fabricated  and  assembled  entirely  by 
“CINCH.”  Hundreds  of  styles  and  sizes  in 
stock. 

A  scientifically  trained  organization,  flexible 
in  applying  its  services  and  alert  to  please 
— commended  by  satisfied  customers  every¬ 
where  —  is  ready  to  prove  the  “CINCH” 
policy,  “Your  problems  are  our  problems”. 


Cinch  and  Oak  Radio  Sockets  are  licensed 
under  H.  H.  Eby  socket  patents. 

Subsidiary:  Vnited-Carr  Fastener  Corp. 
Cambridge,  Mass. 


CINCH 

MANUFACTURING  CORPORATION 

2335  WEST  VAN  BUREN  STREET 
CHICAGO,  ILLINOIS 


V 
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V  WHEN  MICEODYNE's  remarkable  facsimile  perform¬ 
ance  wai  first  demonstrated,  the  most  blase  sound  experts 
welcomed  it  as  the  answer  to  their  WIDE-RANGE 
problem.  Steadily  waxes  the  prestige  of  this  inspired 
reproducing  system  which  has  made  recording-microphone 
fidelity  AT  THE  PICK-UP  on  accomplished  fact  Not  since 
pick-ups  first  went  "commercial"  in  1926  has  there  been  so 
far-reaching  on  improrement 

Look  to  a  leader  lor  leadership! 

AUDAX  MICRODYNE  RF-4 . List  $125.00 

For  records  up  to  18  inches.  Special  arm  has  ball-bearing  com¬ 
pound  movement.  Feather  touch  on  record.  Low  or  high  imped¬ 
ance.  I4|/|  ins.  overall  length;  center  to  needle  12  ins.;  shipping 
weight  5  lbs. 

AUDAX  MICRODYNE  RF-2 . List  $80.00 

This,  too,  is  a  feather-touch  model  (relayed  frequency);  same  speci¬ 
fications  as  RF-4,  except  that  range  is  not  quite  so  high.  Shipping 
weight  4'/2  lbs, 

AUDAX  MICRODYNE  RF-1 . List  $40.00 

Except  that  its  range  is  not  quite  so  high,  this  model  is  identical 
with  RF-2,  for  records  up  to  12  inches.  Center  to  needle,  91/2  ins.; 
overall  length  1 1  ins.;  shipping  weight  4  lbs. 

A  pick-up  for  erery  need,  deliTOring  wider 
range  and  greater  etobility  than  you  can 
secure  elsewhere  at  the  price  .  .  .  listing  from 


5/50  to  *2602? 


NEW  CUTTING  HEADS  FOR  PROFESSIONAL  RESULTS 
IN  INSTANTANEOUS  RECORDING 


Write  for  a  copy  of  "PICK-UP  FACTS" 

Aijdak  Company 

500  Fifth  Avenue,  New  York 

''Creators  of  High  Grade  Electrical  and  Acoustical  Apparatus  Since  1915“ 


Mathematical  Treatment  of 
the  Grid  Bias  Resistor 

By  W.  Richter 

4.  O.  Smith  Corp.,  ililwuukce, 

The  most  widely  used  method  of  ob¬ 
taining  grid  bias  for  amplifier  tubes 
consists  of  passing  the  plate  current 
through  a  resistor  connected  to  the 
cathode.  This  so-called  bias  resistor 
must  be  shunted  by  a  condenser  to  pre¬ 
vent  degenerating  effects  at  low  fre¬ 
quencies.  It  is  desirable  to  make  this 
condenser  as  large  as  possible,  but  on 
the  other  hand  not  much  is  gained  by 
going  beyond  a  certain  point.  The  fol¬ 
lowing  treatment  is  offered  because  it 
gives  in  a  simple  way  the  exact  effect 
of  the  presence  of  any  impedance  in 
the  cathode  circuit. 

According  to  the  equivalent  plate  cir¬ 
cuit  theorem  the  introduction  of  a  volt¬ 
age  on  the  grid  is  equivalent  to 
introducing  p  X  ^Cg  in  the  plate  circuit. 
In  Fig.  1,  where  a  bias  battery  is  used, 
the  voltage  ^Cg  is  equal  to  the  signal 
voltage  Ae,.  The  current  change  in  the 
plate  circuit  will  therefore  be 

where  m  is  the  amplification  factor  and 
Rp  the  plate  resistance  of  the  tube, 
while  Z(  is  the  impedance  of  the  load, 
which  must  be  combined  vectorially 
with  R„  in  the  above  formula. 


In  Fig.  2  we  have  an  intermediate 
step;  an  impedance  Ze  has  been  placed 
in  the  cathode  circuit  but  the  signal 
is  still  introduced  with  respect  to  the 
cathode.  It  is  easily  seen  that  the  influ¬ 
ence  of  Z(.  is  the  same  as  that  of  Zi  as 
both  simply  reduce  the  actual  plate  volt¬ 
age  across  the  tube.  The  plate  current 
change  in  Fig.  2  is  therefore  given  by 

M  X  A  e. 


Zi  -{•  Z,  -[■  R, 

and  Fig.  2  could  be  replaced  by  Fig.  3. 
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In  Defense  of  Law  and  Order 


A  CRIME  may  be  imminent .  .  .  Life  and  property 
L  may  be  endangered!  A  telephone  call  to  police 
headquarters  will  s(>eed  a  radio  cruiser  to  the  scene  . .  . 
in  defense  of  law  and  order. 

In  such  crises  radio  messages  must  be  sent  quickly  and 
received  clearly.  Isolantite  *  ceramic  insulators  are  import¬ 
ant  factors  in  keeping  radio  equipment  operating  efficiendy. 

In  police  radio  transmitting  equipment  Isolandte 
insulators  increase  output  by  reducing  dielectric  losses. 
Isolantite  co-axial  transmission  line  delivers  power 
efficiendy  to  the  Isolantite-insulated  antenna,  from  which 
the  voice  is  carried  to  the  remotest  cruiser.  Police  receivers 
insulated  with  Isolandte  hold  their  tuning  accurately,  and 


never  fail,  because  of  drift,  to  hear  the  command  to  action. 

Long  experience  in  the  manufacture  of  ceramic  insu¬ 
lators  for  radio  equipment  enables  Isolantite  engineers 
to  offer  valuable  assbtance  in  the  formulation  of  economical 
insulator  designs.  This  experience  is  at  your  service  for 
the  asking. 

*  Rtgistered  Trade-name  for  the  products  of  Isolantite  Inc. 


ISOLANTITE  INC 


CERAMIC  INSULATORS 

Factory:  Belleville,  N.  J.  •  Sales  Office:  233  Broadway,  New  York,  N.  Y. 


The  actual  circuit  is  shown  in  Fig.  4. 
The  diflFerence  between  it  and  Fig.  2 
is  that  the  actual  voltage  put  to 
the  grid  is  not  equal  to  the  signal  volt¬ 
age  Ae,  any  more,  but  equal  to  the 
latter  minus  the  voltage  drop  across  Ze 
caused  by  the  plate  current.  If  we 
therefore  introduce  in  Fig.  3  another 
voltage  in  series  with  the  signal  volt¬ 
age,  equal  to  X  and  opposing 
Ae,  we  will  then  obtain  the  actual  cur¬ 
rent  for  Fig.  4.  Fig.  5  shows  this  fic¬ 
titious  circuit  by  which  Fig.  4  can  be 
replaced. 

We  have  now 


Sound  Recording 

EQUIPMENT 

uperh  in  quality 


•  There  is  no  compromise  with  quality  in  Allied 
Equipment.  No  attempt  has  been  made  to  build 
down  to  a  price,  yet  laboratory  precision  has  been 
achieved  at  prices  within  the  reach  of  all  poten' 
tial  users. 

You  can  depend  on  Allied  Equipment,  just  as 
many  users  are  already  doing,  for  the  mainte¬ 
nance  of  highest  standards  in  recording  and  tran¬ 
scription  performance. 

Write  /or  detailed  information. 

•  Many  of  the  most  prominent  recording  studios 
in  the  country,  as  well  as  many  of  the  most  dis¬ 
criminating  users  are  relying  on  Allied  Blanks 
for  their  high  fidelity  transcription  requirements. 

Recorder  pick-up  are  used. 

The  single  unit  recorder  also  offers  a  large 
high  fidelity  speaker,  as  well  as  a  means 
of  mixing  microphone  with  radio  and 
ach  pro-  transcription  playback.  May  also  be  used 
atus  and  as  a  PA  system. 


Solving  this  for  Afp  we  obtain 


Comparing  this  with  equation  (1)  it 
shows  that  placing  an  impedance  Zr 
in  the  cathode  circuit  is  equivalent  to 
putting  M  -f- 1  times  this  impedance  into 
the  plate  circuit,  in  series  with  the  load 
impedance  Z|. 

This  opens  up  interesting  possibil¬ 
ities.  Thus  it  will  be  possible  for  in¬ 
stance  by  putting  an  inductance  in  the 
plate  circuit  to  bring  it  to  resonance 
with  the  condenser  in  the  cathode  cir¬ 
cuit.  Likewise  inductances  placed  in 
the  cathode  circuit  have  the  same  effect 
as  a  much  larger  inductance  in  the 
plate  circuit. 


Bridge  Balance  Indicator 

In  making  bridge  measurements  it  is 
common  practice  to  use  a  head  set 
(preferably  with  an  amplifier  tuned 
to  the  frequency  of  the  current  used 
for  making  measurements)  and  to 
make  adjustments  aurally.  A  method 
of  using  a  visual  indicator  for  deter¬ 
mining  bridge  balance  is  described  by 
R.  L.  Garman  in  the  September  issue 
of  the  Review  of  Scientific  Inetrumenta, 
under  the  title  “A  Bridge  Balance  In¬ 
dicator.”  In  the  introduction  it  is 
pointed  out  that  a  good  bridge  balance 
indicator  should  be  constructed  so  that 
the  minimum  as  well  as  the  maximum 
points  of  complete  balance  may  be  de¬ 
termined  with  precision. 


ALLIED  RECORDING  PRODUCTS  CO 

126  WEST  46TH  STREET  NEW  YORK.  N.  Y 

Coble  Address;  ALLRECORD 
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...You  can’t  overlook 

WiLco  Inlay  and  Overlay 

Contact  Materials 


Many  users  of  electrical  contacts  are  finding  in  \\  ilco 
Inlay  and  Overlay  Materials  a  good  opportunity  to 
save  money  —  and  at  the  same  time,  increase  the  elTiciency 
of  their  product.  They  save  money — because  the  amount 
of  precious  metals  required  is  reduced  to  a  minimum. 

They  save  time — because  they  simplify  assenibly  and 
require  no  riveting.  And  they  increase  efficiency — because 
tliey  become  an  integral  part  of  tbe  contact  mechanism 
Dependahle?  Absolutely  —  for  the  base  metal  and  precious 
nictals  are  perfectly  fused  into  a  single  strip.  Even  batter¬ 
ing  won't  break  them  apart! ‘Send  for  complete  information. 


WiLco  Thermometals 

(THERMOSTATIC  BI  METALS) 

Important  Netes  to  Radio  Manufacturers: 

Did  vou  know  that  ilco  Thermometal  is  now  being 
used  successfully  to  compensate  for  changes  in  the  dielec¬ 
tric  constant  produced  by  temperature  variations — thus 
compensating  for  drift?  Our  engineering  staff  will  be  glad 
to  confer  with  you  regarding  this  phase  of  your  manufac¬ 
turing —  no  obligation,  of  course. 

In  addition,  send  for  the  Wilco  Blue  Book  of  Thermo¬ 
metals,  describing  the  complete  line  of  \\  ilco  Thermomet¬ 
als,  and  listing  their  characteristics. 


THE 

105  CHESTNUT  STREET,  NEWARK,  N.  J.  branch  offices  .  Chicago,  ill.  .  Detroit,  mich. 

Refineri  and  Workers  of  Platinum,  Gold  ond  Silver  .  Precious  Metol  Contacts  •  Wilco  Thermometals  (7Vifr»iaj/Jf(i  /<i  mi/u/j) 
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The  visual  bridge  balance  indicator 
described  operates  by  rectifying  and 
filtering  amplified  signals  from  the 
bridge,  and  applying  the  resultant  di¬ 
rect  voltage  to  an  indicator  tube.  The 
accompanying  schematic  wiring  dia¬ 
gram  shows  the  connections  for  this 
bridge  balance  indicator  using  electron 
ray  tube  indicators. 

By  means  of  the  transformer  Tl, 
voltage  from  the  bridge  is  applied  to 
the  grid  of  the  high  m  which  serves  as 
both  an  a-c  and  a  d-c  amplifier.  After 
amplification  the  alternating  voltage  is 
impressed  on  the  diode  by  means  of 


FOR  ACCURACY! 

NEW  RITEOHH  "71" 
PRECISION  RESISTORS 


Now!  OHMITE  VITREOUS 
ENAMEL  advantages  on  compact, 
one  watt,  1%  accurate,  precision 
resistors.  OHMITE  opens  a  new 
field  with  this  achievement — time 
proven  VITREOUS  ENAMEL  now 
made  available  to  protect  the  ac¬ 
curacy  of  small,  close  tolerance  re¬ 
sistors  for  meter  multipliers,  test 
sets,  laboratory  equipment  and 
other  applications.  Bulletin  108 
lists  the  many  stock  values  of  the 
new  RITEOHM  "71". 


Jl  '  »1<  90-200V 


Bridge  balance  indicator  diagram 


amplifier.  By  means  of  the  network 
Cl,  R2,  C2,  the  a-c  components  are 
filtered  out  and  a  direct  voltage  is 
maintained  at  the  grid  of  VI  which  is 
approximately  equal  to  the  peak  volt¬ 
age  at  the  diode. 

The  function  of  the  diode  V2  cur¬ 
rent  is  to  prevent  the  grid  of  the  indi¬ 
cator  tube  VTS,  from  becoming  positive 
when  the  plate  current  of  tube  VI 
is  reduced  to  cut-off.  The  indicator 
tube  Vs  is  used  to  determine  the 
exact  condition  of  balance  of  the 
bridge  but  when  this  range  of  opera¬ 
tion  is  extremely  small  approximate 
balance  is  indicated  by  the  electron  ray 
tube  V U.  The  resistor  R9,  across 
which  the  voltage  for  the  input  of 
VU  is  obtained,  is  so  tuned  that  a 
current  approximately  820  microam¬ 
peres  (the  lower  range  of  operation 
of  Vs)  will  produce  a  voltage  drop 
just  high  enough  to  close  the  spector 
of  this  tube.  When  cut-off  obtains  for 
tube  VI,  the  sector  on  VJi-  will  be 
fully  opened,  whereas  the  sector  will 
just  close  for  maximum  current  of  the 
amplifier  tube. 

The  final  balance  is  nidicated  by 
means  of  the  tube  VS.  The  only  op¬ 
eration  necessary  to  use  this  circuit  as 
a  bridge  balance  indicator  is  to  adjust 
RS  (with  zero  input  voltage)  until  the 
sector  on  VS  is  almost  closed.  This 
instrument  is  now  connected  to  an  a-c 
bridge,  this  sector  angle  will  become  a 
minimum  when  the  bridge  is  balanced; 
at  all  other  points  the  angle  will  be 
greater  than  the  minimum.  If  the 
bridge  is  not  completely  balanced  for 
phase  angle,  RS  may  be  readjusted  in 
the  direction  to  offset  the  residual  de¬ 
flection  permitting  VS  to  operate  on 
scale. 


©HMITE 


Until  you  hear  a  record  made  with  the 
Presto  1-B  cutting  head  you  won’t  believe 
that  a  frequency  range  of  50  to  6600  cycles 
can  be  played  back  uniformly  from  an 
instantaneous  recording.  You  won’t  believe 
that  surface  noise  on  a  lateral  cut  recording 
can  be  40  db.  below  the  useful  sound  level. 


T-PAD  &  L-PAD  ATTENUATORS 

Offer  practically  tiapless  control 
for  high  power  amplifiers.  These 
attenuators  are  designed  to  con¬ 
trol  the  volume  of  individual  speak¬ 
ers  or  groups  of  speakers.  The  re¬ 
sistance  of  each  leg  of  the  circuit 
has  been  calculated  to  give  close 
control  over  the  db.  range. 


S  O  WE  SAY — ask  for  a  free  trial  of  the 
Presto  cutting  head.  Make  a  record  on  a 
Presto  Green  Seal  disc.  Listen  to  it — 
measure  the  response.  If  you  are  not  con¬ 
vinced  that  it  is  the  finest  cutting  head  you 
ever  used,  return  it  to  us  and  receive  full 
credit. 

Take  advantage  of  thU  exceptional 
offer  today.  In  ordering  specify  the 
impedance  required. 

Th*  Presto  1-B  CHtting  hood  may  bo  ox- 
changod,  at  a  special  lew  price,  for  any 
cettieg  head  prevloesly  famished  with  a 
Presto  recorder.  It  can  be  adapted  to 
aey  recorder  on  the  market. 


BAND-CHANGE  SWITCHES 

Haro's  the  modarn  mafhod  of 
changing  radio  transmiffar  fra- 
quoncy.  For  complata  dascription 
of  basic  band-swifehing  transmiffar 
circuits,  wrifa  for  Bullafin  104. 

Send  for  your  copy  of  fhe  new 
Ohmite  Catalog. 


OHMITE 

MANUFACTURING  COMPANY 
4825  FLOURNOY  ST. 
CHICAGO,  U.  S.  A. 


Extort  DIvitiaa  (Exaoat  Auotralio  4  Canada) 

M.  SIMONS  &  SON  CO..  INC. 

2S  WarroB  SL.  N.  Y.  Cabla:  Siaioatrioe.  N.  Y. 
Aartralia  4  New  Zealand  Aienta  4  StoclUets 

A.  M.  CLUBB  &  CO.,  LTD. 

7S  Clarence  8t.,  Sydney,  N.  S.  W„  Aiietraira 
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Thyratron  Control  ] 

Magnetizer 

A  METHOD  OF  EMPLOYING  thyratrons 
in  a  control  device  for  magnetizing 
permanent-magnet  materials,  especially 
magnets  having  small  air  gaps,  is 
described  by  H.  W.  Lord  in  an  article  ' 
“A  Half-Cycle  Magnetizer  with  Thyra-  ' 
tron  Control”  in  the  September  issue 
of  the  General  Electric  Review. 

The  half-cycle  type  of  control  may 
be  used  to  advantage  when  no  source 
of  direct  current  is  available  and  when 
the  magnets  to  be  energized  are  of  the 
variety  easily  adapted  to  the  multi¬ 
turn  coil  and  iron-core  method  of  mag¬ 
netizing.  The  schematic  wiring  dia¬ 
gram  of  a  unit  for  magnetizing 
material  in  this  manner  is  shown. 

Briefly  the  operation  of  this  circuit 
is  as  follows: 

Capacitor  Cl  is  charged  through  the 
rectifier  tube  VT-1  and  glow  tube  VT-2 
from  the  a-c  supply.  Capacitor  C2  is 
charged  through  R2  from  the  same 
rectifier  circuit  to  a  potential  deter¬ 
mined  by  the  voltage  drop  across  tube 
VT-2.  The  voltage  across  C2  is  ap¬ 
plied  as  a  negative  bias  to  the  grid 
of  thyratron  tube  VTS  through  resis¬ 
tors  RS  and  RA  and  the  secondaries  of 
transformers  and  T3.  Transformer 
T3  in  conjunction  with  resistor  R5  | 
functions  as  a  peaking  transformer  | 
whose  secondary  introduces  a  peaked 
voltage  into  the  grid  circuit.  The  posi¬ 
tive  peak  of  this  voltage  occurs  soon 
after  the  start  of  the  positive  half¬ 
cycle  of  sinusoidal  voltage  impressed  on 
the  anode  of  ignitron  tube  VT-i  from 
the  line  through  coil  T5P.  With  the 
switch  in  the  normally  closed  position, 
most  of  the  peaked  voltage  from  TS 
appears  across  RS  as  the  impedance  of 
capacitor  CS  to  the  peaked  wave  is  low 
compared  to  that  of  RS.  The  negative 
bias  voltage  supplied  by  CS  is  high 
compared  to  the  slight  ripple  voltage 
introduced  across  CS  by  TS  under  this 
circuit  condition  and  tube  VT-S  is 
therefore  kept  in  a  nonconducting 
state. 


LAST  CALL ! 


•  DECEMBER  1st 


is  the  closing  dote  for  Electronics  subscribers 
to  place  their  orders  for  sets  of  the  1937  charts. 

li  YOU  hove  not  already  placed  your  order, 
do  so  NOW  because  sets  will  be  printed  for 
only  the  number  of  orders  on  hand.  Orders 
ore  arriving  dcdly  but  be  sure  yours  reach  us 
by  December  1st. 

Electronics  Yearly  Service  was  inaugurated 
at  the  request  of  subscribers  for  on  opportunity 
to  secure  on  extra  set  of  the  Reference  Sheets 
that  had  appeared  in  all  the  issues  during  the 
current  year.  These  will  be  printed  on  heavy 
stock,  pimched  and  ready  for  insertion  in  the 
notebook.  Only  bona  fide  subscribers  os  of 
publication  date — December  1,  1937— ore  en¬ 
titled  to  secure  this  extra  service. 

The  cost  is  only  $1.00  plus  a  small  delivery 
charge.  If  you  send  payment  with  your  order 
— eliminating  bookkeeping  and  collection  ex¬ 
pense — we  will  pay  delivery  charge. 

This  is  the  ONLY  opportimity  you  will  hove 
to  obtain  a  complete  set  of  1937  charts.  We 
will  not  be  able  to  fill  orders  after  publication 
dote. 

Don't  delay  further — Send  YOUR  order  in 
NOW. 

USE  HANDY  COUPON  BELOW 


Enter  my  order  for  a  complete  set  of  1937  Electronics  Heference  Sheets  lor  $1.00 
Here  Is  my  check.  Send  sheets  postpaid. 

Bill  me  $1.00  plus  small  delivery  charge. 


A  magnetizing  impulse  through  the 
coil  TSP  is  obtained  each  time  the 
normally  open  contact  is  closed  after  Nc 
opening  the  normally  closed  contact. 
When  contact  normally  open  is  closed 
resistor  RS  is  shunted  by  capacitor  A« 
C4.  The  capacity  of  Ch  is  large  com¬ 
pared  to  that  of  CS  so  the  peaked 
wave  from  TS  now  appears  principally  O 
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•6F  PRE-AMPLIFIERS^ 

AND 

★7S  MAIN  AMPLIFIERS 

are  built  lor  stations  who  use 
the  best  equipment  obtainable. 
Their  design  includes  every  de¬ 
sirable  electrical  feature,  com¬ 
plete  metering,  tube  access 
doors,  modern  styling,  easily 
removable  inspection  plates. 

Technical  data  sent  on  request. 
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News 


point  where  additional  manufacturing 
facilities  are  required. 

•f  The  new  television  transmitter  of 
the  Columbia  Broadcasting  System  is 
being  given  its  first  power  test  at 
Camden,  N.  J.,  and  will  probably  be 
ready  for  delivery  to  CBS  in  New 
York  shortly  after  the  first  of  the 
year.  The  transmitter  will  be  installed 
on  the  73rd  and  74th  floors  of  the 
Chrysler  Building  where  it  will  pro¬ 
vide  television  programs  from  the 
Grand  Central  Station  studios  now 
being  built  by  Columbia.  The  sound  and 
picture  portions  of  the  television 
transmitter  have  a  rating  of  7J  kw. 
each. 

■f  New  York  City’s  new  two-way  radio 
system  for  fire  boats  was  formally  put 
into  operation  October  5  and  makes 
possible  communication  between  the 
City  of  New  York  and  each  of  its  nine 
fire  boats.  The  equipment  was  designed, 
built  and  installed  by  the  General  Elec¬ 
tric  Company. 

The  entire  factory  of  the  Fairchild 
Aerial  Camera  Corporation  has  re¬ 
cently  been  moved  to  8806  Van  Wyck 
Boulevard,  Jamaica,  L.  I.,  N.  Y. 

Expansion  of  its  engineering  depart¬ 
ment  for  its  routine  engineering  activi¬ 
ties  as  well  as  an  expanded  research 
program  is  announced  by  the  Clarostat 
Manufacturing  Company,  235  Sixth 
Street,  Brooklyn,  N.  Y. 


New  Products 


Filler  Condenser 

A  SMALL  SIZE  paper  dielectric  con¬ 
denser  is  announced  by  the  Tobe 
Deutschmann  Corporation,  of  Canton, 
Mass.,  under  the  name  of  “Filtermite.” 
Capacitances  between  0.05  mfd.  and 
4  mfd.  are  available  in  1,000  and  600- 
volt  d-c  ratings.  The  illustration  shows 
a  0.5  mfd.  condenser  with  a  rating  of 
1,000  volts. 


Orders  received  by  the  General  Elec¬ 
tric  Company  during  the  first  nine 
months  of  this  year,  have  amounted 
to  $305,276,556,  an  increase  of  44  per 
cent  over  the  $211,891,038  received  dur¬ 
ing  the  same  period  last  year.  Presi¬ 
dent  Gerard  Swope  announced  recently. 
Orders  received  during  the  third 
quarter  of  1937  amounted  to  $88,010,- 
937,  compared  with  $74,922,441  dur¬ 
ing  the  corresponding  period  last  year, 
an  increase  of  17%.  The  first  quarter 
in  the  first  nine  months  of  this  year 
was  the  largest  of  any  corresponding 
period  since  1929. 

The  sales  billed  by  G.E.  during  the 
first  nine  months  of  1937  amounted 
to  $260,773,533  compared  with  $189,- 
263,156  during  the  corresponding  1936 
period,  representing  38  per  cent. 

I  Profit  available  for  dividends  for  the 
I  first  nine  months  of  1937  amounted 
to  more  than  $39,663,000  or  an  in¬ 
crease  of  50  per  cent  over  that  of 
last  year.  Dividends  of  40  cents  per 
share  were  paid  for  each  of  the  three 
quarters  of  1937. 

I 

1  ♦  In  order  to  provide  for  an  expansion 
of  development  and  manufacturing 
program  of  the  Allen  B.  DuMont 
Laboratories,  Upper  Montclair,  N.  J., 
the  laboratories  have  registered  the 
proposed  sale  of ‘20,000  shares  of  $1 
par  stock  with  the  S.E.C.  Starting  in 
the  production  of  cathode  ray  tubes 
on  a  small  scale  in  1930,  Mr.  DuMont 
has  built  up  his  organization  to  the 
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IN  CANADA  AEROVOX  CANADA.  Limil.d  Humillon.  Ont. 


Let  this  Great 
Book  Save  You 
Time  and  Money 


across  CJ.  The  peak  of  this  voltage 
is  greater  than  the  negative  bias  sup¬ 
plied  by  C2,  so  thyratron  tube  VT-S 
will  be  rendered  conducting  during 
the  first  positive  peak  from  TS  fol¬ 
lowing  the  closing  of  the  normally 
open  contact.  Conduction  of  TS  per¬ 
mits  capacitor  Cl  to  discharge  through 
the  primary  of  transformer  T£,  the 
secondary  of  which  impresses  a  posi¬ 
tive-impulse  voltage  on  the  ignitor  of 
ignitron  tube  VT^  of  sufficient  magni¬ 
tude  and  duration  to  form  a  cathode 
spot  on  the  mercury  pool.  Since  the 
phasing  of  the  peak  voltage  from  TS 
with  respect  to  the  line  voltage  is  such 
that  this  firing  impulse  occurs  soon 
after  the  anode  of  tube  VT-4  has  gone 
positive,  tube  VT-4  will  conduct  from 
anode  to  cathode  for  the  remainder 
of  the  half-cycle,  impressing  full  line 
voltage  across  coil  T5P  for  this  period. 
The  resultant  impulse  of  high  current 
through  T5P  induces  a  strong  mag¬ 
netic  unidirectional  field  which  may 
be  used  for  magnetizing  purposes. 

Advantages  claimed  for  the  thyra¬ 
tron -control  magnetizer  are  (a)  com¬ 
pactness,  (b)  inexpensive  operation, 
(c)  rapid  operation,  (d)  low  power 
consumption  because  of  the  short 
duration  of  time  in  which  the  unit 
is  operative,  (e)  adaptability  to  auto¬ 
matic  machine  methods. 


EVERY  DAY  this  Toulmin  book  con 
help  you.  Don't  just  THINK  you 
hove  a  patentable  invention  .  .  . 
KNOW!  Learn  when  Design  is 
NOT  Invention. 


An  opportunity  is  lost — because  somebody 
ladced  dear  understanding  of  the  true  charaaer- 
istics  of  Invention.  Time  and  money  are  wasted 
—on  an  "invention”  which  could  never  satisfy 
the  legal  definition  of  the  term.  EVERY  manu¬ 
facturer  might  profitably  know  MORE  about  the 
essential  prindples  of  Patentable  Invention. 
INVENTION  AND  THE  LAW  answers  the  vari¬ 
ous  perplexing  questions  as  to  what  is,  and  what 
is  not — patentable  invention. 


The  General  Radio  control  equipment 
for  precision 


Complete,  Clear,  Accurate 


The  solid  Walnut  cabinet  lor  simpie 
beouty  ond  rugqedness 


Gives  you  a  dear  statement  of  the  RULES  on 
each  invention  question.  It  summarizes  the  find¬ 
ings  of  the  Federal  couns — dassified  for  ready 
reference.  Two  outstanding  seaions  in  particular: 
What  Is  Invention  and  What  is  Not  Invention 
make  the  work  invaluable. 


The  finest  interior  construction  for  sta¬ 
bility 


W*  can  save  you 
Much  money  without 
lacriSeint  yoHorm- 
anea. 


Advanced  engineering  and  research 
=  Model  VC  I 

Beot  Frequency  Oscillator  0-15,000 
cycles.  The  Swing  to  high-fidelity 
makes  this  formula  a  necessity  to 
solve  the  problems  in 
e  The  production  line, 
e  The  service  booth, 
e  All  comers  of  the  laboratory. 


The  author  presents  the  Background  of  Inven¬ 
tion,  the  Charaaeristics  of  Invention,  How  In¬ 
vention  is  Determined,  what  you  must  do  to  de¬ 
termine  the  patentability  of  inventions,  inven¬ 
tion  rules  in  other  countries,  etc.,  etc. 


And  our  slant  can 
meet  any  drlivary 
•chedulta. 


5  Days  Frs*  Approval 

Let  us  send  you  a  copy  of  INVENTION  AND 
THE  LAW  and  dedde  its  value  for  yourself. 
No  obligation  to  buy  unless  you  want  to  keep 
it — after  examination.  The  price  postpaid  is 
only  $5.00. 


nst  complsto 
Descriptire  Literature 

THE  TELEVISO  CO 

127  N.  Daarborn  St., 
Chicago,  III. 

Engineering  menu/ccinren  of  allied  electronic 
product  i 

audio  radio  modiet 


PRENTICE-HALL,  Inc. 

Dopt.  1F-27 

h  Avo.  Now  York,  N. 


CORPORATION 


November  1937  —  ELECTRONICS 


SIGNAL  OCMeitArOII 


^q,u.axe  CTaielZitf, 


Television  Tubes 


Released  for  distribution  October  15, 
the  Radiotron  Division  of  the  RCA 
Manufacturing,  Harrison,  N.  J.,  an¬ 
nounces  two  kinescopes  for  experi¬ 
menters  and  amateurs  who  wish  to  con¬ 
struct  experimental  receiving  equip¬ 
ment.  Although  the  manufacturers  are 
careful  to  point  out  the  experimental 
status  of  these  tubes,  the  announcement 
of  the  commercial  availability  of  two 
kinescopes  indicates  unmistakably  that 
television  has  been  brought  one  more 
step  closer  to  general  use. 


MODEL  22A  SIGNAL  GENERATOR 


For  fhe  Design  Engineer.  Convenient  and  economical,  it  makes  ra 
accurate  measurements  of  Sensitivity,  Selectivity,  and  Fidelity. 

Maximum  output,  I  volt  across  100  ohms. 

Direct  reading  dial  with  mechanical  bandspread 
Direct  reading  modulation  control  system. 

AC  operation  and  built  in  coils,  of  course. 

For  illustrated  circular  with  full  details,  write 


The  RCA  kinescopes  announced  are 
the  types  1800  and  1801,  both  of 
which  are  of  the  electromagnetic  de¬ 
flection  type  and  employ  viewing 
screens  on  which  pictures  appear  with 
a  yellow  hue.  The  RCA-1800  has  a 
9"  screen  while  the  RCA-1801  has  a  5" 
screen.  According  to  technical  data 
released  by  RCA  both  tubes  have  a 
heater  voltage  of  2.5  volts  and  draw  2.1 
amperes.  A  medium  6  pin  base  is  used 
for  the  1800  and  a  medium  5  pin  base 
for  the  1801.  The  former  tube  has  a 
maximum  second  anode  voltage  of 
7,000,  a  focussing  electrode  voltage  of 
2,000,  maximum,  with  a  maximum 
screen  input  of  10  milliwatts  per  sq. 
cm.  The  screen  input  rating  for  the 
1801  is  the  same  as  for  the  1800  but 
the  maximum  second  anode  and  focus¬ 
sing  voltages  are  3,000  volts  and  1,000 
volts,  respectively.  Both  tubes  employ 
fluorescent  screens  of  medium  persist¬ 
ence. 


Ferris  Instrument  Corporation 

Boonton,  N.  J. 


Sonsitive  and  Ultra-Sensitive  Indi¬ 
cating  Instruments.  D.C.,  Moving 
Coil  .  .  .  A.C.  the  Repulsion  Type. 
Specify  Triplett  for  the  finest, 
most  up-to-date  instruments  in  ap¬ 
pearance,  p  e  r  - 

formance  and  _ 

economy. 


Oscillograph 

Self  contained  demodulator,  high  sen¬ 
sitivity,  amplifier  for  horizontal  sweep 
expansion,  and  cathode  ray  tube  rota- 


EVERY 
STYLE 
FOR  EVERY 
NEED 

AvailabkWtili 
Front  or  R««r 
I  llumf  nation 


Triplett  instru- 
ments  are 
noted  for — 
Highest  Quality 
Low  Cost 


Other  standard 
types  available  in¬ 
clude  Round  Cases 
—2",  3"  and  5" 

Sixes;  Pan  Type 
Casas  —  4"  x  4'/*” 
overall  case  sixa; 
Twin  Case  (2  in¬ 
struments  in  one 
case)  3H'  x  S'/,'; 
Portables  — -  3"  and 
5"  Sixes. 


iMOdel  326.A 


The  Triplett  Electrical  Instrumant  Company  j 

2311  Harmon  Avanua,  Bluffton,  Ohio.  | 

Plaasa  sand  me  more  information  on  Triplett  j 
Models  .  I 


tion  adjustable  by  means  of  a  fiexible 
mounting,  are  some  of  the  features 
claimed  for  the  new  model  RFO-4  os¬ 
cilloscope  recently  announced  by  the 
Hickok  Electrical  Instrument  Com¬ 
pany,  of  Cleveland,  Ohio. 
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1.  Tube  Gain.  The  Engineering  News 
Letter  No.  42,  published  by  the  Hy- 
^ade  Sylvania  Corporation,  Emporium, 
Pa.,  gives  a  tabulation  of  gain  values 
based  upon  performance  of  available 
voltage  amplifier  tubes. 

2.  Double  Triode.  Technical  data  has 
been  released  by  the  Raytheon  Produc¬ 
tion  Corporation,  55  Chapel  Street, 
Newton,  Mass.,  on  the  6F8G  twin  triode 
amplifier. 


Catalog  &  Literature  Service 

Manufacturers'  literature  constitutes  a  useful 
source  of  information.  To  make  it  easy  to  keep  up 
to  date,  "Electronics"  will  request  manufacturers 
to  send  readers  literature  in  which  they  are  inter- 


8.  Tube  Data  Sheets.  Engineering 
data  sheets  for  the  type  211B,  203A, 
203H,  845,  805,  833,  276A  and  261A  for 
enclosure  in  their  catalog  (mentioned  in 
the  October  issue  of  Electronics)  is 
available  from  the  Amperex  Electronic 
Products,  Inc.,  79  Washington  Street, 
Brooklyn,  N.  Y. 

4.  Police  Radio  Equipment.  A  20- 
page  bulletin  on  “Police  Radio  Tele¬ 
phone  for  the  Small  City  or  Town,”  is 
available  from  the  Western  Electric 
Company,  195  Broadway,  New  York 
City. 


ested. 


9.  Coaxial  Cable.  A  single  page 
folder  is  available  from  the  Transducer 
Corporation,  30  Rockefeller  Plaza,  New 
York  City,  describing  a  new  low  loss 
coaxial  cable  known  as  CO-X. 


1.5.  Condenser  Catalog.  The  Cornell 
Dubilier  Electric  Corporation,  South 
Plainfield,  N.  J.,  has  issued  catalog  No. 
153-A,  a  comprehensive  folder  listing 
transmitting  condensers. 


10.  Mica  Insulating  Material.  A  20- 
page  catalog  on  “Micabond”  insulating 
material  is  announced  for  distribution 
by  the  Continental  Diamond  Fibre 
Company,  Newark,  Del. 


16.  Vibration  Pickup.  Literature  de¬ 
scribing  its  complete  line  of  vibration 
pickup  is  available  from  the  Brush  De¬ 
velopment  Company,  3311  Perkins  Ave¬ 
nue,  Cleveland,  Ohio. 


5.  Aircraft  Receiver.  A  new  bulletin 
issued  by  the  Western  Electric  Com¬ 
pany,  196  Broadway,  New  York  City, 
describes  and  illustrates  the  type  20 
aircraft  receiver  and  accessories  which 
are  being  introduced  for  receiving  the 
500  kc.  international  distress  frequency. 

6.  Oscillograph.  The  type  168  all¬ 
purpose  6-in.  cathode  ray  oscillogrraph 
is  described  in  a  4-page  bulletin  issued 
by  the  Allen  B.  DuMont  Laboratories, 
Inc.,  Upper  Montclair,  N.  J. 

7.  Electrical  Control  Equipment.  Cat¬ 
alog  4071-A  of  the  American  Automatic 
Electric  Sales  Company,  103  West  Van 
Buren  Street,  Chicago,  describes  relays, 
stepping  switches,  electric  counters  and 
a  wide  variety  of  similar  control  appa¬ 
ratus  for  electrical  purposes. 

8.  Underground  Cable.  Bulletin  UC-2 
dealing  with  concentric  type  cables  for 
direct  earth  installation  on  single  phase 
systems  has  just  been  announced  for 
distribution  by  the  General  Cable  Cor¬ 
poration,  420  Lexington  Avenue,  New 
York  City. 


11.  Insulating  Material.  The  proper¬ 
ties  of  ceramic  insulating  materials  are 
listed  in  a  chart  released  by  the  Ameri¬ 
can  Lava  Corporation,  Chattanooga, 
Tenn. 

12.  Vibrators.  A  folder  on  vibrators 
for  d.c.  voltage  step-up  and  d.c.-a.c. 
conversion,  as  reprinted  from  the  Sep¬ 
tember  issue  of  Electrical  Manufactur¬ 
ing,  is  available  from  the  Electronic 
Laboratories,  Inc.,  122  West  New  York 
Street,  Indianapolis. 

13.  Radio  Transformers.  To  facilitate 
the  easy  selection  of  radio  transformers 
and  chokes,  the  Jefferson  Electric  Com¬ 
pany,  Bellwood,  Ill.,  has  published  a 
16-page  catalog.  No.  372-R. 

14.  Broadcast  Components.  A  48-page 
catalog  of  power  and  audio  frequency 
transformers  and  related  equipment  for 
broadcast  and  other  audio  services  is 
available  from  the  United  Transformer 
Corporation,  72  Spring  Street,  New 
York  City.  A  wide  variety  of  curves 
of  U.T.C.  transformers  and  design  in¬ 
formation  is  included  in  this  bulletin. 


17.  Line  Voltage  Switch.  A  4-page 
folder  showing  some  of  the  typical  uses 
of  a  new  line  voltage  switch  is  avail¬ 
able  from  the  National  Acme  Com¬ 
pany,  Cleveland,  Ohio. 

18.  Pyrometers.  Catalog  No.  IIOIC 
describes  high  speed  photoelectric  ac¬ 
tion  pyrometers  manufactured  by  the 
C.  J.  Tagliabue  Manufacturing  Com¬ 
pany,  Park  &  Nostrand  Avenues, 
Brooklyn,  N.  Y. 

19.  Paging  System.  A  4-page  bulletin 
describing  an  automatic  paging  system 
is  available  from  the  Babaco  Company, 
447  West  19th  Street,  New  York  City. 

20.  Battery  Life.  A  24-page  bulletin 
entitled  “The  A.B.C.  of  Radio  Battery 
Life”,  providing  information  for  radio 
dealers  and  service  men  on  the  subject 
of  radio  batteries  is  available  from  the 
National  Carbon  Company,  New  York 
City. 

21.  Telecord.  A  4-page  bulletin  de¬ 
scribing  the  dictaphone  Telecord,  an 
electric  recording  instrument  for  con¬ 
tinuous  recording  of  speech  or  other 
sounds,  is  published  by  the  Dictaphone 
Sales  Corporation,  Graybar  Building, 
New  York  City. 


ELECTRONICS  November 

Please  request  manufacturers  to  send  me,  without  obligation, 
literature  identified  by  numbers  circled  below. 


22.  Clear  Reception.  Under  the  title 
of  “Clear  Reception”  a  folder  on  the 
subject  of  background  noise  suppres¬ 
sion  is  offered  by  the  Aerovox  Corpora¬ 
tion,  70  Washington  Street,  Brooklyn, 


1 

2 

3 

4 

5 

6 

7 

15 

16 

17 

18 

19 

20 

21 

29 

30 

31 

32 

33 

34 

35 

43 

44 

45 

46 

47 

48 

49 

NAME 


8 

9 

10 

11 

12 

13 

14 

22 

23 

24 

25 

26 

27 

28 

36 

37 

38 

39 

40 

41 

42 

50 

51 

52 

53 

54 

55 

56 

TITLE 


N.  Y. 

23.  Service  Manual.  A  208-page  serv¬ 
ice  manual,  the  major  portion  of  which 
is  devoted  to  the  listing  of  replacement 
parts  for  radio  receivers  has  recently 
been  published  by  the  Clarostat  Manu¬ 
facturing  Company,  Inc.,  281  North 
Sixth  Street,  Brooklyn,  N.  Y. 


COMPANY  . 

ADDRESS  . 

CITY . STATE 


24.  Non-Inductive  Resistors.  A  folder 
describing  non-inductive  resistors  hav¬ 
ing  a  normal  accuracy  of  1  per  cent 
has  been  released  by  the  Cinema  Engi¬ 
neering  Company,  7606  Santa  Monica 
Boulevard,  Hollywood,  Calif. 


High  Frequency  Receiver 

After  a  year  of  development  the  Ham- 
marlund  Manufacturing  Company,  Inc., 
424  West  33rd  Street,  New  York  City, 
announced  a  console  to  house  their 


ELE^rmc  RELAYS 


A  WIDE  VARIETY  OF  TYPES  FOR 
EVERY  INDUSTRIAL  USE 

Tk«  Automatic  Electric  line  of  relays  includes  quick  and  delayed  action  types,  sensi* 
tive  and  heavy  duty  types,  mechanical  locking  types,  polarized  relays,  etc.  Avail¬ 
able  for  operation  on  O.C.  or  A.C.  circuits,  any  voltage,  any  contact  combination. 
Also  stepping  switches,  electric  counters,  solenoids,  keys  and  other  electrical  control 
accessories.  Write  for  complete  illustrated  catalogs. 

AMERICAN  AUTOMATIC  ELECTRIC  SALES  COMPANY 

1023  WEST  VAN  BUREN  STREET  CHICAGO 
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“Super-pro”  professional  receiver.  The 
receiver  housed  in  the  console  is  identi¬ 
cal  with  the  standard  model  and  may 
be  available  to  cover  the  range  of  7J 
to  240,  15  to  560  or  15  to  2,000  meters. 


I  Vibrator  Power  Supply 

To  MEET  the  demand  for  a  12-volt 
vibrator  power  supply  to  be  used  on 
airplanes,  buses,  and  motor  boats  for 
radio  transmitters,  receivers,  and  other 
scientific  apparatus,  the  P.  R.  Mallory 
&  Company,  Inc.,  of  Indianapolis,  an- 
I  nounce  their  new  Vibrapack  model 
VP-G556.  This  unit  delivers  a  nominal 
maximum  output  of  300  volts  at  100 
milliamperes. 


Frequency  Measunng  Service 

Many  stations  find  this  exact  measuring  serv- 
ice  of  great  value  for  routine  observation  of 
transmitter  performance  and  for  accurately 
calibrating  their  own  monitors. 


MEASUREMENTS  WHEN  YOU  NEED  THEM  MOST 
at  any  hour  every  day  in  the  year 


Wis.,  is  a  loud  speaker  inter-comn- uni- 
cating  system  where  inter-communica¬ 
tion  between  a  central  and  from  one 
to  five  remote  points  is  desired,  either 
selectively  or  as  a  gr^oup. 


Inter-Communieating  System 


The  model  105  Teletalk  developed  by 
the  Webster  Electric  Company,  Racine, 


R.C.A.  COMMUNICATIONS,  Inc. 

Commercial  Dept. 

A  RADIO  CORPORATION  OF  AMERICA  SERVICE 

66  BROAD  STREET  NEW  YORK,  N.  Y. 


lURBO  Oil  Tubing  and  Saturated  Slnnv- 
ing  havn  proved  their  advantages  in  the 
assembling  of  many  types  of  radio  and 
electrical  apparatus. 

Their  smooth  inside  surfaces  are  abso¬ 
lutely  free  froir  obstructions  — this  facil¬ 
itates  faster,  more  accurate  assembly. 
TURBO  Products  are  flame  proof,  oil  and 
acid  resistant,  tough  and  resilient. 

Send  for  standard,  full  length  strands 
of  TURBO  Oil  Tubing  and  Saturated  Sleev¬ 
ing  for  trial  or  test.  From  ample  stochs 
we  ship  all  orders,  regardless  of  quanti¬ 
ties,  on  the  day  received. 


For  Dry  Electrolytic  Condcniort 
and  Capacitor  Caiot 


Neutral  Kraft  and  Combination 
Kraft  and  Chloride  Free  Paper 


KRAFT  COIL  FORMS 


ASBESTOS  TUBES 


PRINTED  TUBES 


THE  CLEVELAND  CONTAINER  COMPANY 


PLANTS  AND  SALES  OFFICES 

New  York  •  Philadelphia  •  Chicago  •  Detroit  •  Plymouth,  Wise 

So/es  Offices  —  Rochester,  N.  Y.  •  Dayton,  Ohio 


LEACH  (LR)  relays 


Call  System 

Two  NEW  inter-communicating  call 
systems,  one  of  which  requires  no  con¬ 
necting  wires,  are  announced  by  the 
RCA  Manufacturing  Company,  of 
Camden,  N.  J.,  to  signal  the  entry  of 
this  company  into  the  expanding  field 


At  the  IRE 

FALL  MEETING 

j  visit  the 

CLEVELAND 

CONTAINER 


what  goes  info  Cleveland  tubes  .  .  . 
how  they  are  made  so  accurately  .  .  . 
where  each  type  is  best  applied  and 
why  their  quality  is  surely  uniform. 


UldbUVLR  new  improvements  in  standard  tubes, 
new  siies,  designs  and  applications; 
new  production  methods  developed  and 
new  materials  utilized  by  Cleveland. 

You  can  quickly  and  aatlly  goikar  fhit  valuabla  informafion  on 
Paptr  Tubes  for  tha  Radio  Industry  by  visiting  tha  Clavaland 
Containar  Eshibit  and  chatting  with  our  raprasantativas  whilt  you 
am  in  Rochasttr. 


of  office  communication  equipment.  One 
of  these  systems  uses  direct  wire  con¬ 
nections  between  the  various  stations 
in  the  system,  the  other  is  a  carrier- 
operated  device  using  the  power  line  as 
the  transmission  medium. 


Indicating  Paint 

Paint  which  chances  color  when  ex¬ 
posed  to  heat,  the  color  change  of  which 
is  either  permanent  or  retroactive  and 
which  is  available  in  a  wide  variety 
of  temperature  and  color  ranges  have 
been  developed  by  the  Eskalin  Com¬ 
pany,  572  Greenwich  Street,  New  York 
City.  Permanent  or  retroactive  color 
changing  inks  are  also  available. 

It  is  impossible  to  resist  the  sugges¬ 
tion  that  a  retroactive  paint  applied  to 
metal  tubes  would  guard  against  many 
a  burnt  finger. 


SIGMA  RELAYS 


MODEL  2  A 

A  12  milliwatt,  D.  C.,  tami-aansitira  inatrumont  for 
qenoral  oioctronic  and  induatriol  uaaa. 

Controls  ISO  watts,  noninductire  load,  at  115 
volts.  A.  C.,  on  sinqie-pole  double-throw 
silver  contacts. 

List  Price 

With  coil  roaiatoncoa  up  to  2,000  ohma .  $5.00 

With  higher  coii  rfaiatoncea .  S.SO 

1  MODEL  M 

Embodies  Tobe  Mu-Switch.  Input,  50  milliwatta,  D.  C., 
Controla  1  kilowatt,  noninductire  load,  at  115  volta, 
A.  C.,  on  aingle-pole  double-throw  contacta. 

List  Price 

With  coil  resiatoncea  up  to  2,000  ohma .  $7.00 

With  higher  resiatoncea .  7.50 

Both  models  ore  mounted  on  5-prong  bose  to  plug  into 
standard  tube  socket. 


Aircraft  Radio  Equipment 

A  NEW  AIRCRAFT  transmitter  and  four 
new  receivers  have  been  announced  by 
the  RCA  Manufacturing  Company, 


BELMONT.  MASS. 


388  TRAPEIO  ROAD 


you  can  depend  upon  their 


OPERATING  RELIABILITY 


Leach  small  size  circuit  control  relay, 
H  W  type  No.  1357  is  a  compact,  rugged  and 

reliable  control  relay  ideal  for  your  con- 
^  trol  circuit.  These  relays  have  solid 
cores,  positive  contact  and  low  current 
consumption — built  so  that  you  can  de- 
upon 

leach  relay  company 

LEACH  RELAY  COMPANY,  5915  Avalon  Boulevard,  Los  Angeles,  Calif. 

Please  send  your  catalog.  I  am  interested  in . type  relay. 

Name  . 

Company  . 

Address  . City  . 


Camden,  N.  J.  The  20-watt  transmit¬ 
ter  is  capable  of  100  per  cent  modula¬ 
tion  for  telephone  transmission  or  may 
be  used  for  C.  W.  transmission.  All 
four  receivers  have  three  frequency 
hands,  195  to  420  kc.,  490  to  1,400  kc., 
and  2,300  to  6,700  kc. 
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IMAGINARY  INTERVIEWS  -  NO.  I 


Signal  Generator 

Recently  announced  by  the  Hickok 
Electrical  Instrument  Company,  Cleve¬ 
land,  Ohio,  the  model  PSG-15  signal 
generator  has  its  output  calibrated  di- 


P.A. — Why,  hello,  Charlie!  Hovv’d  you 
get  here? 

Eng. — Flu.  But  how  did  you  get  here? 
P.A.  (evading  issue)  —  I  suppose  you’re 
working  over  at  the  Celestial  Tube  Co.? 
Eng  • — Yeah.  And  it’s  certainly  swell  to 
get  things  exactly  like  you  want  them. 
P.A.  (sadly) — I  guess  you  don’t  get  the 
same  material  I  used  to  buy  for  you  down 
at  old  Sournote? 

Eng. — Only  nickel  strip.  That  still  comes 
from  Somers. 

P.A.  (brightening) — I  always  knew  that 
was  the  best  strip  you  could  buy  any  where. 

REMEMBER- 

SOMERS  BRASS  COMPANY,  Inc. 

350  Madison  Avenue  New  York,  N.  Y. 

Mill  at  Watarbury,  Conn. 


rectly  in  microvolts.  It  provides  a  range 
of  one-half  microvolt  to  100,000  micro¬ 
volts  at  radio  frequencies  from  85  kc.  to 
28  me.  or  from  0  to  2  volts  at  audio 
frequencies. 


Volume  Control 

A  NEW  LINE'  of  universal  replacement 
control  available  with  or  without 
switch  in  resistance  values  of  i,  i,  1 


Its  the  No.  1 

CRYSTAL  MICROPHONE 


There’s  nothing  to  compare  with  ULTRA 
700A.  It  gives  you  remarkably  accurate 
“ultra”  wide-range  response  from  30  to 
10,000  cycles,  with  a  high  output  level.  It 
gives  you  exclusive  built-in  features  that  in¬ 
sure  more  dependable  service.  It  gives  you 
the  finest  performance  available  today  in 
general-purpose  crystal  microphones,  at  a 
cost  far  below  its  performance  level. 

Just  try  Share  ULTRA  700A.  Find  out  for  yourteU  why 
it  has  been  adopted  as  standard  equipment  by  eminent 
sound  engineers  and  nationally*known  sound-equipment 
manufacturers. 

Model  700A.  Swivel-Type.  List  Price, 
complete  with  7  ft.  cable . 02."* 

Also  available  in  (irille-Type  and 
Spherical  models. 


and  2  megohms  has  recently  been  an¬ 
nounced  by  Centralab,  900  East  Keefe 
Avenue,  Milwaukee,  Wis.  All  are 
tapped  for  tone  compensation. 


Four-Stage  Amplifier 

A  35-52  WATT  amplifier  using  eight 
tubes  in  four  stages,  mixing  two 
microphones  and  phonographs  and 


MODEL 

700A 


TRY  THE  ZEPHYR— Now/ 


Improved  wide-range  response  gives  finer, 
more  faithful  reproduction — makes  records 
sound  better.  “Balanced-Tracking”  reduces 
record  wear — makes  records  last  longer. 
High  output  level  (3  volts  at  1000  cycles). 
Model  99B.  Shure  Zephyr  Crystal  Pickup. 
List  Price . 912 

Specially  designed  Arm  Rest  available  at  50c  list 
additional. 

Get  the  Facts!  Write  for  Full  Information! 


suitable  for  u.se  with  any  type  of  micro¬ 
phone  is  the  model  835  amplifier 
recently  announced  by  the  Operadio 
Manufacturing  Company,  St.  Charles, 


•  SHPHt  BHOTMtHS  • 
Its  m  MU  ROB  tT..  CHICASO.  USA. 
CABlt  AOBBtSS-SMUMemCMO 


Shiirr  pairnU  pend¬ 
ing.  Licenced  under 
patents  uf  the  Brti«h 
Development  Com¬ 
pany. 
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20-WaU  Speaker 

A  PERMANENT  MAGNET  dynamic  speaker 
with  an  operating  power  rating  of  20 


watts  has  been  developed  by  the  Atlas 
Sound  Corporation,  1451-39th  Street, 
Brooklyn,  N.  Y. 


BACKTALK 


Middle  C 

Last  spring  you  sent  out  a  question¬ 
naire  asking,  among  other  things,  for 
matter  suitable  for  editorial  treatment. 
At  that  time  I  contemplated  suggest¬ 
ing  that  you  undertake  to  dispel  the 
idea,  rather  current  among  engineers, 
that  the  present  practice  is  to  tune  the 
middle  C  of  the  piano  to  256  cycles/ 
second.  Then  in  May  your  Spectrum 
Chart  appeared.  This  worthwhile 
chart  we  feel  is  injured  by  the  follow¬ 
ing  errors,  which  occur  in  connection 
with  the  “Audible  Spectrum”. 

The  musical  in.strument  ranges  ap¬ 
pear  to  have  the  identical  errors  incor¬ 
porated  in  a  chart  published  about  ten 
years  ago;  namely,  every  one  of  the 
woodwind  ranges  has  something  wrong. 
•Mthough  a  piano  keyboard  is  indicated,  , 
frequencies  are  shown  computed  on  | 
the  just  scale,  instead  of  the  tempered  ; 
.scale  usually  associated  with  the  piano.  ' 
Worst  of  all  is  the  fact  that  the  fre¬ 
quencies  are  given  on  the  basis  of 
physical  pitch. 

There  has  been  much  misunder¬ 
standing,  which  has  been  perpetuated 
by  the  continued  appearance  of  such 
charts  as  the  one  under  discussion. 
It  is  unfortunate  that  a  magazine  pur¬ 
porting  to  provide  accurate  informa¬ 
tion  should  give  musical  instrument 
ranges  based  on  a  pitch  standard  that 
is  not,  and  with  the  exception  of  spe¬ 
cially  tuned  instruments,  never  has 
been  the  standard  for  musical  per¬ 
formance. 

A  range  chart  recently  prepared  by 
this  company  comes  nearer  to  showing 
actual  musical  usage.  A  coming  issue 
of  the  magazine  of  the  .\merican 
Standards  Association  is,  I  understand, 
to  carry  an  article  pertinent  to  this 
matter. 

ROBERT  W.  YOUNG, 

Phi/aicist, 

C.  a.  Court,  Ltd. 


On  thicknesses  I  / 1 6"  to  I  /  8"  inclu¬ 
sive  Dilecto  XPLW  has  a  remarkably 
low  Power  Factor  of  .0215  to  .025 
measured  at  10°  cycles  per  second 
— and  it  does  not  increase  more  than 
10%  after  48  hours'  immersion  in 


water  at  68°  F.  Dielectric  Strength, 
volts  per  mil,  tests  450/650.  Dielec¬ 
tric  Constant,  measured  at  10®  cycles 
per  second  is  5.0/5.5  XPLW  has  good 
machining  qualities — is  readily  fabri¬ 
cated.  Send  for  samples. 


CONTINENTAL-DIAMOND  FIBRE  COMPANY 

NEWARK,  DELAWARE 

RepreientMl  in  Canada  by  Diamond-Stata  Fibre  Co.  of  Canada,  Ltd.,  Toronto  and  Montreal 
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Questions  and 
Answers 

10.  Brooklyn — la  it  possible  to  unc 
an  ordinary  neon  tube  in  the  place 
of  a  “grid-glow  tube”? 

[A]  Yes.  If  a  metal  foil  is  wrapped 
around  the  outside  of  the  bulb,  and 
if  a  critical  potential  between  90  and 
135  volts  is  applied  to  it  and  a  photo 
tube,  and  if  the  cell  is  illuminated  by 
a  source  of  light,  a  discharge  will 
take  place  between  the  inner  elec- 


S«nd  for  comploto  catalog  Information 
anabling  you  to  tava  monay  in  your 
production  costs. 


Send  us  samples  or  blueprints  of  your 
requirements  for  our  prompt  quotations. 


WROUGHT  WASHER  MFG.  CO  ■  MilwaHkee,  Wis. 


trodes  of  the  neon  tube  which  is 
sufficient  for  many  purposes,  and  if 
not,  a  low  impedance  relay  may  be 
placed  in  series  with  the  inner  elec¬ 
trodes. 

11.  Glendale,  Calif. — Am  interested 
in  a  radio  picture  transmission  sys¬ 
tem  and  would  like  to  use  the  silver 
emulsion  on  the  film  as  a  contact  but 
find  it  to  have  a  high  resistance.  Is 
it  possible  to  increase  the  conduc¬ 
tivity? 

[A]  It  is  possible  to  deposit  a  me¬ 
tallic  film  of  silver  on  the  silver  imafre 
with 


Solution  ] 


Pyrogallol 
Citric  acid 
Water 


Solution  2 


Silver  nitrate 
Water 


50  grains 
125  grains 
10  ounces 


100  grains 
10  ounces 


Hold  your  decision  on  phonograph  Pick-ups 
until  you  see  this  new  design  by  .  .  . 

WEBSTER  ELECTRIC  COMPANY  a  RACINE,  WISCONSIN,  U.  S.  A. 

Established  1909  ■  Export  Department:  lOO  Varick  Street,  New  York  City 
Cable  Addrets  “ARLAB"  New  York 

Webster  Electric 

PORTABLE  AND  SEMI-PORTABLE  SOUND  SYSTEMS  •  ELECTRONIC 
INTER-COMMUNICATING  SYSTEMS  •  ELECTRIC  PHONOGRAPH  PICK¬ 
UPS  a  transformers  and  fuel  units  for  oil  burners  . 


Flow  over  the  surface  of  the  wet  film 
with  Solution  1,  and  after  a  few  min¬ 
utes  add  a  few  drops  of  Solution  2. 
This  may  be  repeated  as  many  times 
as  is  desired  to  get  the  desired  thick¬ 
ness  of  silver.  Metallic  copper  may 
be  electroplated  on  the  silver  image 
in  the  customary  fashion. 

An  alternative  method  is  to  place 
the  print  or  negative  in  contact  with 
a  copper  plate  in  the  presence  of  a 
mild  silver  solvent  such  as  dilute 
hypo  or  ammonium  chloride  solution. 
It  seems  to  work  best  with  chloride 
papers.  The  silver  image  plates  out 
on  the  copper.  X-ray  films  which 
are  rich  in  silver  ought  to  give  better 
results. 


Con&tnS€r^ 


I 

Will  You  Accept  the  Loan  of 

$100,000  —  Without  Interest? 


RADIO  AND  SOUND 
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That's  virtually  what  you  do  whan  you 
accapt  our  ofFar  to  placa  at  your  disposal 
without  axtra  tool  charga  $100,000  worth 
of  capital  aquipmant  comprising 

OVER  19,000  TOOL  SETS 

Tha  most  variad  tool  aquipmant  in  tha 
world  for  producing 

WASHERS  &  STAMPINGS 

used  in 


Rapratantativa  lamplat  of  small  siiad  non- 
farrous  pracision  stampings.  Wa  work  with 
all  typas  of  matarial,  including  staal, 
brass,  coppar,  aluminum,  monal  matal, 
fibra,  calluloid,  papar,  ate. 


Equipment  Manufacture 


SPECIAL  REQUIREMENTS  MADE 
UP  TO  INDIVIDUAL  ORDER 


British 

Patents 


HIGH  FKEC(UE!%€Y 

€  OIVVERTER^ 

I  rSTOM  BUILT 


Radio  Circuits 

Electric  resonant  units.  A  quarter- 
wave-length  resonator  of  compact 
construction  and  compensated  to  pre¬ 
vent  variation  of  frequency  with 
temperature.  Marconi  Co.  No. 
460,118;  460,119. 

Tuning  system.  In  a  superhetero¬ 
dyne  using  an  aperiodic  aerial  input, 
the  variable  tuning  of  the  receiver 
is  located  exclusively  in  the  local 
oscillator  circuit  of  the  first  tube  and 
is  remotely  situated  therefrom.  E.  K. 
Cole,  460,305. 

Band  Widening  system.  Means  for 
expanding  the  band  width  symmetric¬ 
ally  about  the  carrier  and  a  second 
means  to  expand  it  unsymmetrically 
with  respect  to  the  carrier  to  select 
more  of  one  sideband  than  the  other. 
Hazeltine  Corp.  No.  460,821. 

Automatic  tuning.  The  tuning  ele¬ 
ments  of  a  manually-controlled  re¬ 
ceiver  are  automatically  kept  in  exact 
tune  to  the  desired  frequency  by  an  error 


BH.HBAKDERS  for 

Radio  Re<*.  &  Trans.  Tubes, 
Cathode  Ray  Tubes,  OsciL 
lator  Tubes,  Neon  Signs. 


lABUI^TlOY  FUR- 

YAI'ES  for  Metallurgical 
Research,  Precious  Metal 
Melting  and  Speed-Heat 
Production. 


Garfield 

I  LTRA  —  KIIOIIT  W.WE 

For  Physicians  Only 


A  Few  Applications  For  liiRh  Heats 
KleniiinK  Ailoys,  iiot  Press  Work, 
Heat  Treatinx  Dies,  ItraziuK  Metal, 
Hare  Metai  Keflniiig,  Wire,  Kod  and 
liar  AnnealiiiK.  Sweating  Tube  and 
Shwts.  Melting  or  Heating  in  Vai'uo 
or  in  Preferred  Atninspbere  via  Higb 
Fre(iuenc.v,  silver  soldering. 

Write  Vs  Today, 


107-109 
MONROE  ST, 
Garfield,  N.  J. 
U.  S.  A. 


CORRUGATED 

QUENCHED 

GAP 

CO. 


GOAT 

FORM  FITTING 
TUBE  SHIELDS 


pearance 
Economy  and 

Perfect  Shielding 


detector  embodying  circuits  resonant 
above  and  below  the  desired  frequency 
and  acting  in  opposition  on  a  regu¬ 
lating  member.  G.  Henry.  No.  460,987. 

Antenna  system.  Improvements  in 
matching  and  coupling  an  antenna  to 
a  wireless  receiver  when  a  two-wire 
transmission  line  is  employed.  Hazel- 
tine  Corp.  No.  462,872. 


GOAT  RADIO  TUBE  PARTS,  INC 

314  Dean  Street,  Brooklyn,  N.  Y. 
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WIRE  WOUND  RESISTORS 


PATENT  SUITS 

1,997,051,  B.  A.  Engholm,  Loud 
speaker,  filed  Feb.  5,  1937,  D,  C.  N.  J., 
Doc.  E  5671,  Rola  Co.  v.  Best  Mfg.  Co., 
Inc. 

2,007,253,  W.  A.  MacDonald,  Wave 
signaling:  system,  filed  Feb.  9,  1937, 
D.  C.,  E.  D.  Va.,  Doc.  E  393,  HazeU'me 
Corp.  V.  Stewart-Wanier  Corp. 

1,881,324,  H.  E.  Metcalf,  Signal  re¬ 
producer,  D.  C.,  N.  D.  111.,  E.  Div.,  Doc. 
12713,  The  Magnavox  Co.  v.  Trans¬ 
former  Corp.  of  America.  Dismissed 
for  want  of  prosecution  Oct.  13,  1936. 

1,958,031,  E.  L.  Bresson,  Radio  re¬ 
ceiving  system,  appeal  filed  Apr.  15, 
1937,  C.  C.  A.,  2dCir.,  Doc.  — ,  W. 
Avery  et  al.  v.  Davega-City  Radio, 
Inc. 

1,403,475  (fl),  H.  D.  Arnold;  1,403,- 
932,  R.  H.  WMlson;  1,507,016,  L.  de 
Forest;  1,507,017,  same;  1,618,017,  F. 
Lowenstein;  1,702,833,  W.  S.  Lemmon; 
1,811,095,  H.  J.  Round,  filed  Apr.  12. 
1937,  D.  C.,  N.  D.  Calif.  (San  Fran¬ 
cisco),  Doc.  E  1466-R,  R.C.A.  et  al.  v. 
Cavalcade  Radio  Corp.  et  al. 

1,403,475  (b),  H.  D.  Arnold;  1,465,- 
332,  same;  1,507,016,  L.  de  Forest; 
1,507,017,  same;  1,573,374,  P.  A.  Cham¬ 
berlain;  1,618,017,  F.  Lowenstein,  D. 
C.  Minnr,  4th  Div.,  Doc.  E  2962,  R.C.A. 
et  al.  V.  Karadio  Corp.  Con.sent  de¬ 
cree  holding  infringement  by  defen¬ 
dant;  injunction  Apr.  17,  1937. 


RELIABLE  RESISTORS 


VITREOUS  enamel  resistors  fixed,  tapped  and  ad¬ 
justable.  Many  varieties  are  available  to  fulfill  any 
conceivable  requirement. 

Our  12  years  of  specialization  in  this  field  enable  us 
to  offer  complete  assistance  in  the  handling  of  special 
applications. 

Literature  covering  resistors  and  rheostats  gladly 
sent  upon  request. 

Write  for  further  information  . . .  and  remember 

the  mark  means  reliable  rheostats  and  resistors. 


136  PENNINGTON  ST.— NEWARK,  N.  J 


CANNON  SECTIONAL  CABLE  TERMINALS 


By  uting  CANNON  Sections  you  can  build  Cable  Terminals  of  any  size  by  adding 
center  sections  of  5  pairs  each.  Designed  primarily  for  telephone  use,  these  sec¬ 
tional  terminals  suggest  many  other  applications. 

(The  two  end  sections  form  an  11-pair  strip) 


R  S  E-S— S-pr.  end  Section  R  S  C-S — 5-pr.  center  Section  R  S  E-6— 6-pr.  end  Section 

Features:  All  bakellte  Insulation;  tinned  solder  lugs;  3-nut,  1-32  binding  ^ 

posts;  exceptional  compactness — pairs  are  on  longitudinal  centers.  ^ 

Three  stock  pieces  make  any  size  terminal  in  multiples  of  5  pairs.  / 


ENGINEERS 

Marvel  at  Flaxibility 
of  Now  Astatic 
Microphono  T-3 


A  KCtieral  purpoae  In¬ 
strument,  diapiiraenn 
type,  fo.-  higii  clasn  pul>- 
lic  adilresa,  broadrast. 
re<ordlnK  and  amateur 
use.  New  tiltinc  mount 
permits  directional  or 
nun -directional  position 
to  control  acoustic  feed¬ 
back.  Polished  chro¬ 
mium  finish.  Fully  guar¬ 
anteed. 


Mudrl  T-3  comes 
eciuipped  with  In- 
terchantesble 
plug  and  socket 
connector,  cable 
and  spring  cable 
protector. 


MICROHM  WIRE  WOUND  RESISTORS  or#  built  on  tho  ioundation  oi 
a  QUALITY  PRODUCT  ond  can  bo  used  at  a  componont  with  tho 
finest  of  precision  instnunents.  Manufacturers  interested  in  maintain¬ 
ing  the  QUALITY  of  their  apparatus  recognise  this  merit  of  QUALITY, 
demand  and  use  only  MICROHM  WIRE  WOUND  RESISTORS.  Preci¬ 
sion  Resistor  Company  manufactures  a  complete  line  of  all  types  of 
wire  wound  resistors  and  is  equipped  to  meet  the  most  rigid  tpeci- 
Bcationt. 

Write  for  catalog  and  prices 

PRECISION  RESISTOR  COMPANY 

332  Badger  Ave.  Newark.  N.  J. 

Moauiacturers  of  custom  built  PBECISION  and  INDUSTRIAL  WIRE  WOUND 
RESISTORS. 


List  Price  $25.00 


TYPE  R  'A 
Watt  (Asteil 
SlM)  Rea.  5 
to  5000M  ohaia. 
Aecnraeiaa  aa 
eloaa  aa  l/IV 
of  1%. 


MICROPHONE  LABORATORY,  INC 

DEPT.  A-5.  YOUNGSTOWN,  OHIO 
Licensed  under  Brueh  Developniant  Co.,  Patents 
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ADVERSE  DECISION 


In  interferences  involving  the  indi¬ 
cated  claims  of  the  following  patents 
final  decisions  have  been  rendered  that 
the  respective  patentees  were  not  the 
first  inventors  with  respect  to  the 
claims  listed: 

Pat.  1,855,055,  J.  K.  Johnson,  High 
frequency  transformer,  decided  March 
20,  1937,  claims  1  and  8. 


ADJUDICATED  PATENTS 

(I).  C.  Md.)  Lowell  and  Dunmore 
patent.  No.  1,455,141,  for  radio  re¬ 
ceiving  apparatu.s,  claims  1  to  4,  7, 
13,  14,  and  18  Held  invalid  and  not 
infringed.  Lowell  v.  Triplett,  17.  F. 
Supp.  996. 

(D.  C.  Md.)  Dunmore  and  Lowell 
patent.  No.  1,606,212,  for  power  am¬ 
plifier,  claims  1  to  9  Held  valid  and 
infringed.  Id. 

(I).  C.  Md.)  Dunmore  patent.  No. 
1,635,117,  for  signal-receiving  system, 
claims  9,  11,  and  12  Held  invalid  and 
not  infringed.  Id. 

(C.  C.  A.  Md. )  Maibohm  patent.  No. 
1,930,980,  for  variable  electrical  re¬ 
sistor  and  switch,  claims  5  to  8  Held 
invalid.  Maihohm  v.  RCA  Victor  Co., 
89  F.(2d)  317. 
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RADIO  DIVISION 


LEHIGH  STRUCTURAL  STEEL  CO 

17  BATTERY  PLACE,  NEW  YORK,  N  Y 

PLANT  at  ALLENTOWN  PA  .  . 

m  Pxnc^Ml  Ciliti 


BRITISH  TELEVTSIOIN 
RECEIVER 


MR.  SSr  ARE  YOU  INTERESTED? 

Coil  Requirements  on  Time  at  Competitive  Prices  •  Coils  Mechanically  and  Electrically  Correct 


ARE  YOU  INTERESe? 


Trilinear  Coordinates 

/ 

Although  perhaps  first  used  exten¬ 
sively  in  metallurgy  to  represent  the 
property  of  tei-nary  alloys,  trilinear 
coordinates  are  finding  extensive  appli¬ 
cation  in  other  fields.  A  system  of 
trilinear  coordinates  as  a  means  of 
classifying  electron  tubes  was  pub¬ 
lished  in  Electronics  in  May,  1934.  A 
more  general  discussion  of  the  prob¬ 
lem,  together  with  the  mathematical 
background  facilitating  the  construc¬ 
tion  of  trilinear  coordinate  charts,  is 
discussed  by  Howard  Aiken  in  the 
July  issue  of  the  Journal  of  Applied 
Physics,  under  the  title  “Trilinear 
Coordinates.”  In  this  article,  two 
tube  classification  charts  are  shown  in 
which  the  electrical  characteristics  of 
a  tube  may  be  indicated  by  properly 
locating  a  point  on  the  chart.  In  or¬ 
der  to  cover  a  wide  range  of  variables, 
logarithmic  rather  than  linear  scales 
are  used.  In  one  of  the  charts,  a 
single  point  specifies  for  a  given  tube 
its  transconductance,  its  plate  resis- 

1 

tance,  and  its  “durchgriff”  or  • 

In  another  chart,  which  is  really  one 
of  quadlinear  rather  than  trilinear  co¬ 
ordinates,  it  is  possible  to  locate  for 
a  given  tube  the  characteristics  of  am¬ 
plification  factor,  plate  resistance,  mu¬ 
tual  conductance,  and  a  figure  of  merit 
defined  as  the  product  of  the  amplifica¬ 
tion  factor  and  the  mutual  conduc¬ 
tance. 


Professional 

Services 


mac/e  6t/  Specialists  to 
suit  (^our  patticulat 
requirements. _ 


Rates  on  A pplication 


BLILEY  ELECTRIC  CO. 


Detigncrt — Manufacturers 

Quartz  Crystals  for  standard  or  special 
radio  frequency  applications. 

Inquiries  Invited. 

200  Union  Station  Bids. 

Erie.  Penna. 


CHARLES  EISLER 

EISLER  ENGINEERING  CO. 
ConsKltin^  and  Designing  Engineer 
Electric  Welding  Machines  for  Metal  Tubes 
Electric  Welding  Problems,  High  Vacuum 
Compound  Pumps,  Soft  and  Hard 
Glass  Working  Equipment.  Radio  and 
Electronic  Tube  Machinery 
753  So.  ISth  St.  Newark.  N. 


Put  yout  problems 


STRUTHERS  DUNN.  Irc. 

148  N.  Juniper  St. 
Philadelphia,  Pa. 
Manufacturing  Spaclalistt  of 
Clacfricat  Control  Cquipmant 


[donco 


ELECTRICAL  TESTING 
LABORATORIES 

CharacterisUcs  and 
life  Tests  of  Vacuum  Tubes 
Tests  of  i^to  cells,  glow  lamps,  crater  lamps. 
Tests  of  electronic  and  optical  devices. 
80th  Street  and  East  End  Avenue 
New  York,  N.  Y. 

Phone:  Butterfield  8-2600 


THAD.  R.  GOLDSBOROUGH 


BBOISTOEP  PATENT  ATTOBNBT 

-Patent  and  Trademark  Boliciting 
Consulting:  Service 

Patent  Sale  and  License  Negrotiations 
201-205  McLachlen  Building: 
Washington,  D,  C. 


Furnished  to  any  specifications  that  may  be 
encountered  in  the  communication  field.  We 
are  specialists  in  high  voltage  measurement. 


AMERICAN  CONSULTING  ENGINEERS  TO 
FOREIGN  MANUFACTURERS 

Designs  .  Specifications 

Electrobtics  .  Tubes  .  Resistors 

Tran.smitters  .  Receivers 

I4S  W.  45th  Street  New  York.  N.  Y. 


HAROLD  j.  McCreary 

Mem.  AI.E.E.  &  W.8.E. 

Coniulting  Engineer 

Research  Electronics 

Development  Television 

Des^  Radio 

Factory  Practise  Railroad  Signaling 

Patent  Studies  Teleidiony 

106  W.  Adams  St.  Chicago,  III. 


Manufacturers! 

Save  Time  And  Bother  For  Your 

Engineers  Designer*  Draftsmen 

THIS  DISPLAY  CARD 

Tells  at  a  glance  WHICH — Fuse,  Clip, 
Mounting — FOR  YOUR  JOB!  It  pictures 
and  describes  QUALITY  PRODUCTS, 
and  HOW.  and  WHEN,  end  WHERE, 
end  WHY  to  buy  them.  You'll  find  it 
useful  daily. 

MAILED  FREE 

A  request  on  your  letterhead  brings  you  this 
halpful  card,  postpaid;  also  complata  catalog 
of  LIHELFUSE  (quality)  ProducH.  Write 
today. 

LITTELFUSE  LABORATORIES 
4248  Lincoln  Avenne,  Chicago,  III. 


THE  SOLIITIOIV  OF 
YOUR  PROBLEM 


in  the  field  of  Electronic  devices  may 
be  found  through  enlisting  the  services 
of  the  Consultants  whose  cards  appear 
on  this  page. 

This  is  a  highly  specialized  field  and 
specialists  are  therefore  better  able 
to  undertake  the  rapid  developments 
necessary  to  keep  in  step  with  modern 
manufacturing  progress. 


Compact,  highly  insulated,  high  voltage  multi¬ 
pliers  readily  adapted  for  broadcasting  sta¬ 
tion  transmitters,  intermediate  voltage  power 
transmission  and  electron  tube  development. 

Sand  for  BHlIafln  700-K 


SHALLCROSS  MFG.  CO 

ColllHgdala,  Pa. 
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Phonograph 
Pickup  Tracking 
Error 


{(’on  tin  Ill'll  from  pngr 


tion  due  to  skidding.  Moreover, 
such  distortion  would  likely  be  more 
displeasing  and  might  entirely  mask 
the  latter. 

It  now  remains  to  consider  the 
effect  of  tracking  error  on  record 
wear.  It  is  believed  that  the  effect 
of  changing  the  line  of  action  of  the 
needle  force  against  the  groove  walls 
by  the  usual  tracking  angle  is  negli¬ 
gible  because  the  direction  of  this 
line  of  action  is  constantly  changing 
anyway  as  the  groove  progresses 
past  the  needle  point.  The  possi¬ 
bility  of  wear  due  to  change  in  the 
tracking  angle  during  playing  ap¬ 
pears  to  have  some  theoretical  foun¬ 
dation.  The  needle  is  continually 
being  ground  to  fit  the  groove  and 
a  rapid  change  in  tracking  angle 
tends  to  maintain  a  freshly  sharp¬ 
ened  cutting  edge  at  the  point  of 
contact.  A  mitigating  factor,  how¬ 
ever,  is  the  possibility  that  the  shift 
in  bearing  point  as  the  needle  fol¬ 
lows  a  curve  (see  Fig.  8)  may  have 
a  “rounding  off”  effect  on  the  cut¬ 
ting  edge.  The  fact  that  our  1930 
experiments  did  not  reveal  this  or 
any  other  effect  of  a  comparatively 
large  tracking  error;  the  support 
given  to  this  result  by  the  later 
analysis;  and  the  widespread  accept¬ 
ance  in  this  country  of  phonographs 
with  conventional  pickup  arrange¬ 
ments,  leads  to  the  conclusion  that 
ordinary  amounts  of  tracking  error 
are  negligible  in  their  practical  ef¬ 
fect.  More  experiments  and  better 
methods  of  measurement  are  re¬ 
quired  to  settle  this  question  more 
definitely. 

*  E.  .4.  Chamberlain,  ‘‘Correct  Pickup  Alijm- 

ineiil”  ;  World,  3-20-.30. 

*  Hnlph  P.  Glover,  “A  Kecord-Savlng  Pick¬ 
up"  :  Electronics,  February  1!»37. 

*  J.  M,  lUrd  and  C.  M.  ChorpenlnR,  ‘‘The 
Offset-Head  Crystal  Pickup";  Itadio  Engineer¬ 
ing,  March  11)37, 

*  L.  J,  Slvian,  II.  K.  Dunn  and  S.  D.  White, 
“Absolute  Amplitudes  and  Spectra  of  Certain 
Musical  Instruments  and  Orchestra.”  Jour., 
Acout.  8oc.  Am.,  Vol.  2,  Jan.  1931,  p.  15.1. 

’  Frank  Miissa,  ••Periiilssllde  Amplitude 
IMstortlon  of  Spee<-h  In  an  .\udio  Reproducing 
System”,  Proc.  I.R.E.,  May,  1933,  p.  682. 

•H.  A.  Frederick,  “Vertical  Sound  Records; 
Recent  Fundamental  Advances  In  Mechanical 
Records  on  Wax”,  Jour.  8.M.P.E.,  Feb.  1932. 
P  141. 


Dii  Mont  ^^168 

5  Utc/t  cUl-fU4A/fXO^ 

OSCILLOGRAPH 


The  most  precise  and  convenient 
method  of  studying  phase  relation. 

An  accurate  method  of  observing 
the  translation  of  non-electrical  phe¬ 
nomena  in  graphical  form. 

For-  studying  the  limits  of  vacuum 
tube  characteristics  without  the 
danger  of  long-time  overloads. 

For  Complete  Specifications 
—  Write  — 

ALLEN  B.  DU  MONT  LABORATORIES,  INC. 

UPPER  MONTCLAIR  NEW  JERSEY 


GAEDE' 

High  Vacu  urn  Pumps 


GAEDE  AIR  PUMPS  in¬ 
clude  a  variety  of  Mercury 
Diffusion,  Rotary  Oil  and 
Molecular  Pumps  with  acces¬ 
sories  for  producing  and  main¬ 
taining  the  highest  possible 
degree  of  vacuum. 

LEYBOLD  OIL  DIFFU¬ 
SION  PUMPS— using  Apie- 
zon  Oil  B — are  now  available 
for  high  vacuum  work.  No 
freezing  traps  required. 

APIEZON  OILS.GREASES 
AND  WAXES  have  vapor 
pressures  as  low  as  lO  '*  mm. 
of  Hg.  at  room  temperature. 
They  provide  a  non-poisonous 
liquid  for  Oil  Diffusion  Pumps 
and  sealing  media  for  high 
vacuum  systems. 

For  full  particulars,  please 
write  for  Bulletin  I38S-E. 


JAMES  G.  BIDDLE  CO. 

eteCTRIC  AL  AND 
SCIlNTIflC  INST  RUMINTS 
1211-13  ARCH  ST  PHILADELPHIA.  PA 


A  DEPENDABLE 
POWER  SUPPLY 

Dynamotors,  gen-«-motort  and  converters 
produced  by  this  pioneer  manufacturer  of 
power  supply  units  afford  the  last  word  In 
this  type  of  equipment  for  air  craft,  po¬ 
lice,  marine  and  auto  radios,  public  ad¬ 
dress  systems,  etc.  Compact  and  light 
weight.  Sturdily  constructed  to  assure 
long,  dependable  service.  For  complete 
information  address. 

PIONEER  GEN-E-MOTOR  CORPORATION 

Manufacturer  of  “PINCO”  Products 
Dept.  No.  R-4K.  466  WEST  SUPERIOR  STREET 
CHICAGO.  ILU 
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REMLER-THE  RADIO  FIRM  AS  OLD  AS  RADIO 


News  Pictures 
By  Wire 


Buy  with  Confidence  — 

JVutionwide  Acceptnnce 


REMLER 


A  carrier  of  1800  cycles  is  pro¬ 
duced  by  chopping  the  light  beam 
rather  than  by  introducing  a  carrier 
tone  in  the  electrical  portion  of  the 
system.  On  this  carrier  are  super¬ 
imposed  sidebands  of  about  800 
:ycles  corresponding  to  the  picture 
signal.  All  frequencies  below  1  kc. 
are  suppressed. 

Synchronization  is  maintained 
through  the  use  of  temperature  con¬ 
trolled  fork  driven  oscillators.  Al¬ 
though  about  20  minutes  are  re¬ 
quired  for  the  forks  to  reach  their 
equilibrium  temperature,  satisfac¬ 
tory  transmission  is  obtained  with 
the  forks  “cold.”  The  equipment 
operates  from  110  volts  a-c  or  d-c. 

For  portable  work  the  fork  driven 
synchronizing  o.scillator,  amplifiers, 
and  other  tube  equipment  forms  one 
unit,  whereas  the  scanning  unit 
forms  the  other.  The  drums  are  pro- 
*  tected  against  light,  so  operation  may 
be  carried  out  in  daylight. 


HI  -  FIDELITY 
TRANSCRIPTION 
UNIT 


Famous  Remler  qualify  ...  sturdily 
constructed  with  precision  accuracy  to 
stand  up  under  the  grueling  test  of  continuous  service. 
Improved  mechanical-filter  drive  system  provides  constant 
speed  and  freedom  from  wow  at  either  33  Vh  or  78  R.P.M. 
FEATURES:  True  synchronous  motor,  condenser  starting, 
mounted  on  rubber.  Exclusive  roller-bearing  planetary  speed 
reduces  drive  for  3314  R.P.M.  Speed  change  by  simple 
^  lever.  Oil-damped  mechanical  filter  in  drive  shaft.  Heavy 

16"  "flywheel"  platter.  High  fidelity  lateral  pickup  and 
equalizer  gives  response  within  3  db.  from  45  to  6600  C.P.S.  Ball-bearing  mounted 
long  radius  pickup  arm,  with  adjustable  needle  pressure— 1/2  oz.  to  6  oz. 

Available  in  cabinet  or  as  a  unit  for  mounting  in  control  table.  All  parts  mounted 
in  heavy  cast  iron  framework  assuring  permanent  alignment  and  simple  installation. 
The  price  is  unusually  low.  Send  for  complete  information. 

REMLER  COMPANY,  LTD.,  19tb  at  Bryant,  San  Francisco 


Times  Wide  World 


The  Times  Wide  World  equip¬ 
ment,  is  intended  to  be  used  by 
photographers  rather  than  by  engi¬ 
neers,  so  that  every  effort  has  been 
made  to  simplify  operation.  Several 
times,  when  necessity  demanded,  a 
photographer  sent  in  pictures  with¬ 
out  any  more  instruction  concerning 
the  operation  of  the  equipment  than 
was  contained  on  the  case  of  the 
transmitting  unit.  At  present  the 
Times  Wide  World  system  includes 
40  portable  transmitting  units  and 
fixed  equipment  in  15  cities.  The 
portable  transmitting  equipment  re¬ 
quires  only  a  6  volt  storage  battery 
for  complete  operation;  it  does  not 


/yapid  increase  in  the  application  of  electronic 
principles  to  industry  requires  constant  development  of 
transformers  having  new  characteristics  for  new  ser\’ices. 

STANCOR  today,  as  in  the  past,  is  eager  to  offer  its 
facilities  and  experience  to  any  manufacturer  of  elec¬ 
tronic  equipment  who  requires  economical  solution  of 
his  transformer  problems. 


STANDARD  TRANSFORMER  CORPORATION 

850  BLACKHAWK  STREET,  CHICAGO 
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VISASIG 

full  automatic 
siphon  tape  recorder 


FOR  COMMERCIAL  AND  AMATEUR  USE 

I  cent's  worth  of  tape  records  over  3,000  words 
Model  Vl-B — Semi-Professional 

List  $75.00 

Model  V-5— Professional  High  Speed 

List  $175.00 

Prices  FOB  New  York  City 
Write  for  full  parficulan. 

UNIVERSAL  SIGNAL  APPLIANCES 

Department  E 

64  West  22nd  Street  New  York  City 

Export  Department 
116  Broad  St..  N.  Y.  C.,  U.  S.  A. 

Cable  Address:  Auriema,  N.  Y. 


PLUGS— SOCKETS  | 


Tvpe  So.  101  ihielded  tingle  contact  plug 
and  eocket.  , 


One  type  from  our  line  of  several 
hundreo  electrical  plugs  and 
sockets.  We  also  supply  manu¬ 
facturers  with  terminal  panels, 
standard  or  to  blueprint. 

Write  for  bulletint  on  complete  line 

HOWARD  B.  JONES 

2300  Wobaeslo  Ave., 
Chicago,  III. 


carrier.  The  carrier  serves  the 
double  function  of  getting  the  pic¬ 
ture  signal  through  the  telephone 
circuit  and  of  providing  the  syn¬ 
chronizing  signal,  for  the  drum  in 
the  receiver  is  driven  by  the  ampli¬ 
fied  carrier  current.  Synchronization 
through  the  use  of  transmitting  the 
carrier  occasionally  produces  drift  or 
skevvne.ss  when  carrier  telephone 
circuits  are  employed  because  the 
demodulated  signal  frequency  is  not 
always  exactly  of  the  same  frequency 
as  that  fed  into  the  phone  circuit. 

A  drift  compensator  forms  a  part 
of  the  Times  .system  to  get  around 
this  trouble. 

The  normal  .scanning  .speed  i.s 
about  7  in.  per  second,  the  .scanning 
pitch  i.s  96  lines  per  inch  and  from 
4  to  4t  sq.  in.  of  area  are  scanned 
per  minute.  The  drums  are  con¬ 
structed  to  take  pictures  up  to 
7"  X  9".  The  range  between  the  black 
and  white  portions  of  the  picture  i.s 
7  db.  as  again.st  about  20  db.  in 
other  .sy.stems. 

Phasing  is  readily  accomplished  at 
the  receiving  end  by  aligning  a  .slot  j 
in  the  receiving  drum  with  the  phas¬ 
ing  flash  which  occurs  in  the  neon 
lamp  when  the  white  phasing  spot 
in  the  transmitter  is  scanned. 


Compressed  Gas 
Condenser 174 


This  modal 
it  500  mmf. 
0  Haight  38" 


INVESTIGATE  thata  UNIQUE  eomprattad  gat 
condantar  ADVANTAGES 

FOUR  CAPACITIES;  350, 500, 1000  and  1500  mmf. 

TWO  RATINGS .  .  .  40,000  and  33,000  rmt  work¬ 
ing  voht. 

CONTROL . Extarnal,  conlinuoutly  vari- 

obla. 

LOSSES . Lowar  than  aquivalant  air 

condantart. 

ALSO . Lowar  dittributad  inductanca, 

complata  thialding. 


())Heihti  Kaufmam(() 

CAUFOtNIA 


IPesff/H  Union  j 

Western  Union  does  not  maintain  j 
a  picture  tran.smission  service,  but  | 
it  has  opened  a  telegraph  facsimile  ' 
.service  between  New  York  and  Buf-  | 
falo  and  Chicago.  Although  this 
.service  is  neither  intended  nor  { 
recommended  for  the  transmi.ssion  of  ! 
half-tone  pictures,  it  has  been  put  j 
to  this  use  and  has  produced  useable 
results,  and  for  this  reason  merits 
passing  mention  in  this  story.  It  is 
hoped  to  cover  the  Western  Union 
facsimile  system  in  an  early  issue 
of  Electronics. — B.D. 

\ 
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GOING .  COMING 

rerntniher  this  uhoiit 

needles. . . 


Thiw  F.  got  to  be  GOOD  to 
do  justice  to  the  new  high  fidel¬ 
ity  electrical  records.  ACTON C 
Shadowgraphed  Needles, 
product  of  a  lifetime’s  rich  ex¬ 
perience,  are  preferred  by  the 
world's  leading  broadcast  stations 
because  they  deliver  the  SERVICE 
expected  of  needles  under  to¬ 
day’s  stern  demands.  Use  AC¬ 
TON  E  Needles  to  get  the  BEST 
out  of  a.iy  modern  recording. 

ALSO  Specify  \CTONE 
.steel  cutting  needles  for 
acetate  recording;  the  finest 
Science  has  yet  produced .  . 

Products  of  \X  .  H.  BAC.SHAW  TO. 
Sole  Disirihutor 

H.  W.  ACTON  CO.,  Inc. 

Seventh  Ave.,  N.  Y.  City 
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ACHESON 

COLLOIDS  1—^1 
CORPORATION  , PORT  HURON, MICH. 


Distortion  of 
Saw  Tooth 
Wave  Forms 


(Continued  from  jtaijc  3X) 


OlLOIDAl  GRAPHITE 


such  equivalent  circuits  need  be 
considered  no  further  here.  The 
equivalent  circuit  damping  can  be 
varied  within  wide  limits  in  trans¬ 
former  and  resistance-coupled  am¬ 
plifying  stages,  by  the  effective 
damping  of  the  tube  resistance  in 
the  former  and  by  proper  values  of 
the  coupling  elements  in  the  latter. 
The  relation  between  this  damping 
and  the  phase-shift  with  respect  to 
the  resonant  frequency  of  the  sys¬ 
tem  can  be  evaluated  from  Fig.  (7), 
the  curves  of  which  are  drawn  for 
a  few  characteristic  damping  val¬ 
ues.  As  shown  in  Fig.  (1),  the  “cen¬ 
ter  of  gravity”  of  the  Kipp  fre¬ 
quency  spectrum  lies  near  the  sec¬ 
ond  harmonic  for  average  values 
of  retrace  time.  From  Fig.  (7)  and 
the  relations  given  there,  it  follows 
that  after  the  resonance  frequency 
of  the  equivalent  circuit  is  adjusted 
to  the  “center  of  gravity”  of  the 
Kipp  spectrum,  a  damping  value 


COLLOIDAL 

GRAPHITE 

jmjL  technical 

LITERATURE 


Electric-furnace  graphite  when 
colloidalized  and  dispersed  in  oil 
or  water  is  extremely  useful  in 
academic  and  industrial  research. 

Literature  citations  mentioning 
the  trademarked  products  "Aqua- 
dag"  colloidal  graphite  in  water 
and  "Oildag"  colloidal  graphite  in 
oil  include  the  following: 

1.  "A  Simple  Thermocouple  for 
Demonstrating  the  Prop,  of  Ther¬ 
mal  Radiation”,  C.  W.  Neaps, 
American  Physics  Teacher,  5, 
87,(1937). 

2.  "Accelerating  Tube  for  Round 
Mill  Electrostatic  Generator”, 
C.  M.  Van  Atta,  R.  J.  Van  de 
Graaff,  and  L.  C.  Van  Atta, 
Physical  Reviews,5l,  1013, (l937). 

3.  “Impregnation  Studies  with  Col¬ 
loidal  Graphite”,  B.  M.  Porter, 
Journal  Applied  Physics,  8,479 
(1937). 

4.  "An  Effect  of  X-Radiation  on 
the  Electro-Kinetic  Potential  of 
Colloidal  Graphite”,S.  A.  Crow- 
ther  and  M.  Liebmanri,  Nature, 
1^0,  28,  (1937). 

5.  "Research  Applications  of  Col¬ 
loidal  Graphite”,  B.  H.  Porter, 
R.  S.  I.  7,  101,  (1936). 

6.  "Instrument  Suspensions”,  L. 
Walden,  Journal  of  Scientific 
Instruments,  14,  259,  (1937). 

7.  "Colloidal  Graphite”,  R.  S.  I., 
8,  XIII,  (1937);  8,xvm,  (1937). 

_  Bulletins  Available 


J.  here  is  nothing  on  the 
market  today  that  can  com¬ 
pare  with  this  receiver,”  says 
Charles  W.  Eggenweiler,  Los 
Angeles,  California.  Mr.  Eg¬ 
genweiler  adds,  “The  new 
“Super-Pro”  is  very  quiet  and 
selective.  The  splendid  Ham- 
marlund  workmanship  and  en¬ 
gineering  has  made  it  the  last 
word  in  receivers.  On  10 
meters,  it  beats  anything  I 
have  ever  tried.” 


Countless  others  are  likewise 
commenting  on  this  distinctive 
receiver  that  has  such  outstand¬ 
ing  features  as — two  stages  of 
R.  F.  on  all  bands  including 
the  20-40  me.  band,  providing 
an  average  sensitivity  of  0.8 
micro- volt  (30%  modulated) 
with  a  signal  to  noise  ratio  of 
6  to  1!  The  image  rejection 
ratio  is  so  high  as  to  provide 
complete  freedom  from  “two- 
spot”  tuning  except  in  exceed¬ 
ingly  rare  instances.  For  in¬ 
stance,  at  28  me.  the  ratio  is 
150  to  1 ;  at  7  me. — 10,0000  to 
1,  etc. 

Other  features  are — 4  air 
tuned  I.  F. ;  electro-statically 
shielded  input ;  electrical  band 
spread ;  variable  band  width 
(3  to  16  kc. )  panel  control ; 
direct  tuning :  visible  tuning 
meter ;  stand-by  switch  ;  relay 
terminal  strip ;  variable  crys¬ 
tal  filter,  etc.  Crystal  or  stand- 
anl  models  are  available  for 
table  ‘  or  rack  mounting  or 
in  a  spwial  console.  Further 
data  with  interesting  curves 
and  illustrations  appear  in  a 
special  bulletin. 


HAMMARLL'ND  MFC.  CO..  INC. 
424-438  W.  33  St..  N.Y.C. 

(  )  Please  mail  me  **Super-P 

bulletin.  (  )  Please  mail  new 

Catalog. 


MAilNj 
COUPON 
TODAY, ii 


Name 


Rochester  Fall  Meeting 

We’ll  be  looking  for  you  at  the 
Rochester  Fall  Meeting  of  the  I.  R. 
E.  and  R.  M.  A.,  November  8-10,  at 
the  Hotel  Sagamore. 


Address 
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Screens  for 

Television 

Tubes 

{Continuvd  from  page  m ) 

electron  gun;  and  third,  reflected 
secondary  electrons  from  willemite 
itself. 

Cold  emission  from  the  electron 
gun  results  from  insufficient  polish¬ 
ing  and  rounding  off  of  sharp  edges 
of  the  gun  and  should  not  be  present 
in  a  well-designed  and  well-made 
tube, 

Secondary  emission  from  the  elec¬ 
tron  gun  is  caused  by  the  electrons 
striking  the  masking  aperture  of 
the  gun.  If  the  focusing  field  pene¬ 
trates  as  far  as  the  stopping  aper¬ 
ture  then  the  random  moving  sec¬ 
ondaries  will  be  drawn  by  the  field 
into  the  region  of  second  anode,  and 
eventually  may  strike  the  screen, 
causing  a  loss  of  contrast.  This 
effect  is  never  present  in  a  well-de¬ 
signed  tube. 

The  third  source  of  .stray  elec- 
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Instruments  —  Radio 

Receivers  and  Transmitters 
— Photo  or  Wireless  Photo 
Equipment  —  Electrical 
MeasurinK  Devices  — 
All  Work  Where  Fine 
Mechanical  and  Electrical 
Precision  is  Needed 

IN  »l  R  NPRITAI.TY 


Followinit  your  blue  prints  or 
samples,  we  will  fulfill  any  speci¬ 
fication  for  accurate  manufacture 
in  experimental  or  contract  work. 

W’e  invite  correspondence 

R&SEngincprin9(Co. 

17  East  42nd  St.,  New  York  City 
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HIGH  RESISTANCE 
VOLTMETERS 


For  Those 
Difficult  to  Measure 
Low  D.C.  Voltages! 

Sensitivities  Available  up  to 
500,000  Ohms  per  Volt! 


That*  iastnunsnts  ars  porticu- 
tarly  adapisd  for  insulation  and 
aloctrolysis  moasursmsnts.  Thoy 
hoTo  a  iVt"  long  seals,  an 
accuracy  of  of  1%,  rsguirs 
no  IsTsiinq  and  ars  STRICTLY 
PORTABLE. 

Instrumsnts  in  stock  for  imms- 
diats  dslivsry. 

Ranqas:  .05  — .1  — 1  — 5  — 10 
volts  full  seals. 


A  COPY  OF  OUR  GENERAL  INSTRUMENT 
CATALOG  IS  YOURS  FOR  THE  ASKING. 


^  Sf.nsitivi;  Rfs  ^.ahch  1xstru.n\ent  Corporation* 

Llc^lncul '  ' Precision 


4545  Bkonx  Blvd 


New  ^'ork  CiTV 


mS’RUMCSTt  DfSICNIB  AND  MASUFACTUAEO  FOR  A  OKCAIMINATING  CUENTEIE  SINCE  1927 


KULGRIO  "C" 
STRAND 
Nigh  CsndsdivHy 
nsNibiltly 
NonOiidiiobls 


TUNGSTEN 
Ground  TInlih  Surfocs 
Centrellsd  Crytlol  Structurs 
liirllsnt  Ssolinq  Ouotity 


MOLYBDENUM 
Duttils 

Easily  Shaped 


HARD  GLASS  STEM 

MADE  WITH 


CALLITE  LEAD-IN  WIRES 

of  Tungsten  •  Molybdenum  •  Kulgrid 


Ths  TUNGSTEN  in  Csllits  Hard  Glass  Walds  is  spacially  procassad  to  qiva  a  compact  fibrous 
structura,  fraa  from  longitudinal  cracks  and  is  cantarlass  ground  to  aliminata  surfaca  imparfactions. 
Tha  KULGRID  "C"  STRAND  has  non#  of  tha  objactionabla  faaturas  of  ragular  coppar  strand. 
Kulgrid  "C"  doas  not  oiidiza.  Tharafora,  no  oxida  ftakas  off  to  daposit  in  tha  tuba  prass  as 
Is  tna  casa  with  coppar  strand.  Kulgrid  "C"  is  flaxibla  and  doas  not  bacoma  brittla.  It  walds 
mora  raadily  to  tungstan  than  ordinary  coppar  strand  and  forms  a  strong  joint. 

Pura  matals  of  bast  quality  ara  usad  for  any  third  componant  part. 


CALLITE  PRODUCTS  DIVISION 


F.IM  t.K  tLFCIKU  l  OKPOKM  IQS 


544- 39th  STRhfcT 


UNION  CITY.  N.  J. 


umddnt 

USE  A  CRANE 
When  a  Jack  would 
Do  the  Job 

You  could  use  a  20  ton  crane  to  Hit 
your  car  to  change  a  tire.  But — a  1  ton 
jack  would  do  it  more  efficiently — more 
economically. 

It's  common  sense  to  pick  the  equipment 
that  fits  the  job.  That's  why  so  many 
electrical,  mechanical,  and  design  en¬ 
gineers  specify  Relays  by  Guardian — 
Big  in  contact  capacity — Compact  in  de¬ 
sign — Low  current  drain — Long  Lired — 
These  units  are  "tops"  in  efficiency  and 
dependability.  There's  a  sise  and  type 
ideally  suited  to  your  specifications. 
Write  today  for  illustrated  Catalog  E. 


Unit  shown  it  No.  110  AC  Relay.  Many  other  types 
for  every  application.  Alto  stepping  switches,  elec¬ 
tric  connters,  solenoids,  mercury  twitch  relays,  etc. 


GUABDIAN^ELECTBIC 


1625  W.  WALNUT  STREET 


and  /ar 

ENGINEERS  ACCLAIM 
CORNELL-DUBILIER 
UNIVERSAL  MOUNTING 
DYKANOL  CAPACITORS 


ypilJ-U 


Latest  from  the  research  labora¬ 
tories  oi  Comell-Dubilier  ore  the  Type  TJ-U  high  voltage  DYKANOL  capacitors  with 
adjustable  mounting  brackets.  The  most  inactical  and  up-to-date  capacitor  develop¬ 
ment  Universal  mounting  provides  the  engineer  with  utmost  flexibility  ol  installation 
and  added  safety — af  no  extra  cost 

For  better  results,  specify  C-D  Type  TJ-U  capacitors  with  Universal  Moimting  brackets, 
the  original  oil  filled  and  impregnated  transmitting  capacitor.  Available  in  a  complete 
capacity  range  from  600  to  25.000  volts.  Described  in  detodl  in  cotolog  No.  150.  free  on 
request 

WOfiLD'S  OLDEST  AND  LARGEST  EXCLUSIVE  MANUFACTURER  OF  CAPACITORS 
MICA  •  PAPER  •  DYKANOL  •  WET  &  DRY  ELECTROLYTICS 


COttNELL-DVBILIER 

ELECTBIC  CORPORATION 

1006  Hamilton  Boulevard,  South  Piainiield,  New  Jersey  I 


Irons,  i.e.,  the  reflected  and  secon¬ 
dary  electrons  from  the  willemite 
itself,  is  practically  negligible.  The 
number  of  reflected  (high  velocity) 
electrons  is  so  small  that  their  ef¬ 
fect  is  hardly  detectable.  The  ve¬ 
locity  of  the  majority  of  the  secon¬ 
daries  on  the  other  hand  is  also  too 
small  to  excite  the  screen. 

(d)  Direst  reflection  of  light.  Re¬ 
flection  from  other  parts  of  the  tube 
are  another  factor  contributing  to 
the  loss  of  contrast.  The  glass  bulb 
itself  reflects  only  around  10  per  cent 
or  less  of  light  falling  on  it.  More 
i  serious  offender  is  the  conductive 
coating  of  the  second  anode  which, 
even  ^vhen  covered  with  carbon  or 
graphite,  reflects  a  considerablo 
;  amount  of  light. 

Kditor’s  note:  The  complete  table  of  con¬ 
tents  of  the  hook  from  which  these  abstracts 
were  taken  is  as  follows  : 

Preface;  Introduction.  Description  of  a 
Complete  Television  System  of  l!li;h  Detlnl- 
tlon ;  Part  I.  Electron  Optics;  Chapter  1. 
Fundamental  Concepts ;  Chapter  2.  Electron 
Emission ;  Cliapter  .‘1.  General  Electron 
Optics;  Chapter  4.  Motion  of  Electrons  in 
Axially  Symmetric  Electrostatic  Fields; 
Chapter  5.  Electrostatic  Electron  Ismses ; 
Chapter  6.  Electrostatic  Lenses  of  T<Ml 
Tubes;  Chapter  7.  Defects  of  Electrostatic 
Focusing ;  Systems  of  Tt'K  Tubes ;  Chapter 
8.  Magnetostatic  Focusing;  I*art  II.  Tefevl- 
slon  Cathode  Ray  Tube  ;  Chapter  9.  The  Elec¬ 
tron  Gun  ;  t'hapter  10.  Deflection  of  Elt'ctron 
Beams;  Chapter  11.  Luminescent  Scr«*ens  for 
TCR  Tubes;  Chapter  12.  Classifications.  Rat¬ 
ing,  and  Characteristics  of  TCR  Tubes ; 
Chapter  13.  Accessories;  Chapter  14.  Vacuum 
I’ractlce. 


OXFORD 

PERMAG 

AND 

ELECTRO-DYNAMIC 

SPEAKERS 


SIZES 

3 "  to  14” 


Ut«d  by  Icadiiig  maiiMfaetMrvrs  for 
dopoRdoblo  high  qoality  porformanco 

The  three  inch  speakers  are  espec¬ 
ially^  suitable  as  monitor  units  or 
for  inter-communication  systems. 

Manufacturers  and  jobbers — write 
for  further  information  on  com¬ 
plete  line  of  OXFORD  Permag 
and  electro-dynamic  speakers. 

Dept.  E. 

Export  Address  Oxtarco 


Okford-Thrtrk 

BADIO  CORPORATION 

915  W  VAN  »U«fN  51  •  CHICAGO,  U  S  A  L 
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